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STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

BACKGROUND GEOCHEMISTRY OF SOME ROCKS, SOILS, PLANTS,
AND VEGETABLES IN THE CONTERMINOUS UNITED STATES

By Jon J. ConNoR, HANSFORD T. SHACKLETTE, and others

ABSTRACT

Geochemical summary statistics for 48 elements in natural materials
fiom 147 landscape units have heen compiled based on field and
laboratory studies since 1958. Each landscape unit is briefly identitied as
to kind and location, and the expected concentration for one or more
elements is given together with factors indicating the degree of observed
variation in the study and the degree of laboratory or “analytical”
variation. Also listed are the observed 1ange and the total number of
elementanalyses made in each study. The data on which these summaries
are based have three attributes in common: They represent “large-scale”
o, egional  geochemical  studies; they represent background or
“ordinary” natural geochemical variation; and they were collected
according to objective sampling designs. The summaries clearly
demonstrate the wide diversity to be expected in elemental properties of
landscape units and suggest that published element abundances for
broad categories like “soil”" or “carbonate rock”” may be misleading.

INTRODUCTION

Increased public concern about real or suspected
chemical deterioration of the environment, together with
a growing awareness of the role of trace elements in health
and nutrition, underscores the need for realistic data on
the chemistry, particularly the trace element chemistry, of
the natural environment. A moderately voluminous lit-
erature exists in which geochemical abundances of many
trace elements are summarized, but it deals largely with
rocks; less seems to be known (or at least less has been
published) about the distribution of trace elements in soil,
plants, and waters. Some of the standard references on
trace element abundances in these materials are
Goldschmidt (1954), Rankama and Sahama (1955), Mason
(1958), and Turekian and Wedepohl (1961). More recent
summaries include Wedepohl (1967-1973), Shacklette,
Hamilton, Boerngen, and Bowles (1971) and Durum,
Hem, and Heidel (1971). In addition to these, the U.S.
Geological Survey is currently revising Clarke's (1924)
Data of Geochemistry. The revision is being published as
separate chapters of U.S. Geological Survey Professional
Paper 440. Nearly a third of the projected chapters have

been published to date, including chapters summarizing
the composition of rocks (Parker, 1967) and waters (White,
Hem, and Waring, 1963; Livingstone, 1963). Because of its
well-known toxicity, mercury in the environment has
received as much or more attention than any other trace
metal. Three general references to mercury in the
environment are U.S. Geological Survey (1970),
Shacklette, Boerngen, and Turner (1971), and Jenne
(1972). General summaries of trace elements in soils and in
plant tissue are rare, although Shacklette, Sauer, and
Miesch (1970) gave trace element averages for a variety of
both, including foodstuffs, in Georgia.

Much ot the extant information describing the “natural
condition” of the geochemical environment is of
unknown reliability. Generally, many of the data
(particularly the older data) on which the published
summaries are based were not collected to serve as guides
to background geochemistry. Rather, they may have been
collected to study such things as specific geochemical pro-
cesses, or to delineate mineralized areas, or perhaps to esti-
mate the degree of chemical pollution; in short, samples of
natural materials tend to be collected for a variety of scien-
tific reasons but only rarely for the purpose of describing
the ordinary properties of the natural chemical environ-
ment.

One long-term U.S. Geological Survey effort, however,
has for its goal precisely this purpose. For more than a
decade now, personnel of the U.S. Geological Survey have
been engaged in several field projects in regional geo-
chemistry, the primary purpose of which has been to
describe the geochemical variation of broad natural units
in the United States. Fundamental to all these studies has
been the conscious attempt to measure the geochemical
variation as it occurs in nature. Some of this work has been
published, but most of it has not. Many studies are curren-
tly underway, and we anticipate that such studies will
continue.

Fl
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One such study merits special mention. The U.S.
Geological Survey has recently completed a geochemical
survey of the State of Missouri, many aspects of which are
unique to environmental geochemistry. It not only is a
survey of a broad, geologically diverse area, but it was
undertaken partly in support of active, trace-element
related epidemiologic studies sponsored by the University
of Missouri. Moreover, we think it is the first study of its
kind in which an attempt has been made to characterize
rocks, waters, soils, and plants chemically by a unified
team approach using (and in part testing) efficient and ob-
jective sampling designs. Connor and others (1972)
described this work in a preliminary way. Details of the
study are available in a series of limited-distribution
progress reports (U.S. Geological Survey, 1972a-f, 1973).

The data tabulated in the present report represent the
work of many people. Principal investigators are listed
with a short description of each study, and authorship is
cited for all published data. All unpublished data are pre-
liminary. The reader is cautioned that some of the data
summaries given here may be subject to minor revision.
The sampling designs, data analyses, and geochemical
summaries on which this report is based are statistical in
nature; extended discussions of these subjects can be found
in Miesch (1967a, b, 1972), Connor and others (1972), and
Connor and Myers (1973).

A proper list of acknowledgments for this report would
comprise more than 100 people including computer
programmers, specialists in data handling, and assistants
in the field, laboratory, and office. Unquestionably, the
most important contributors are the chemists, spectro-
graphers, and other laboratory personnel who catalogued,
prepared, and measured the concentrations of up to 69
elements in more than 8,000 samples of rocks, soils, and
plant material over a period of more than 10 years. They
are: Lowell Artis, Phillip Aruscavage, J.W. Baker, A.].
Bartel, S.D. Botts, L.A. Bradley, Floyd Brown, Mike
Brown, J.W. Budinsky, G.T. Burrow, C.L. Burton, Alice
Caemmerer, J.P. Cahill, E.Y. Campbell, G.W. Chloe, Don
Cole, E.F. Cooley, N.M. Conklin, W.B. Crandell, Maurice
DeValliere, J.I. Dinnin, P.L.D. Elmore, E.J. Fennelly,
W.H. Ficklin, J.L. Finley, F.]J. Flanagan, L.D. Forshey,
I.C. Frost, Johnnie Gardner, J.L. Glenn, W.D. Goss,
Frank Grimaldi, J.C. Hamilton, T.F. Harms, J.L. Harris,
A.G. Haubert, R.G. Havens, R.H. Heidel, A.W. Helz,
M.B. Hinkle, Claude Huffman, Jr., R.L. James, L.B.
Jenkins, James Kelsey, Herbert Kirschenbaum, B.W.
Lanthorn, L.M. Lee, K.W. Leong, H.H. Lipp, Irving May,
B.A. McCall, R.E. McGregor, J.B. McHugh, ]J.D. Mensik,
V.M. Merritt, Leung Mei, H.T. Millard, Jr., D.E. Moore,
Roosevelt Moore, John Moreland, Wayne Mountjoy, A.T.
Myers, H.M. Nakagawa, H.G. Neiman, W.W. Niles, D.R.
Norton, Uteana Oda, C.S.E. Papp, L.F. Rader, R.L.
Rahill, L.B. Riley, E.J. Rowe, J.]. Rowe, V.E. Shaw, G.D.
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Shipley, Leonard Shapiro, F.O. Simon, H. Smith, M.W.
Solt, A.L. Sutton, Jr., D. Taylor, J.A. Thomas, Barbara
Tobin, ]J.E. Troxel, J.H. Turner, R.L. Turner, R.E. Van
Loenen, G.H. VanSickle, J.S. Wahlberg, F.N. Ward, E.P.
Welsch, Roberta Wilkie, T.L. Yager, R.]J. Young, and
R.A. Zielinski.

METHODS OF STUDY
OBJECTIVES

The summary data listed herein have three common
characteristics and only data consistent with these attri-
butes have been included in the tables:

1. The data represent large-scale studies, in which an
assessment of regional geochemical effects is one of the
objects of study. The definition of large-scale or regional is
somewhat arbitrary, but all studies listed herein involved a
conceptual natural unit whose geographic extension inat
least one direction is of the order of 80 km or more.

2. The data represent background concentrations. Data
known or suspected to reflect epigenetic mineralization, or
pollution and other man-induced effects have been inten-
tionally excluded. Because of intimate contact with the
atmosphere, plants may be more susceptible to the effects
of low-level, broad-scale chemical pollution than are soils
and rocks. The geochemistry of cultivated soils may, of
course, reflect agricultural practices. Nevertheless, only
data believed to be essentially free of unusual geochemical
effects have been summarized in these tables.

3. The data were collected according to objective
experimental designs in an attempt to insure that
unbiased estimates of the “natural” variation were ob-
tained. The suit of samples underlying each summary sta-
tistic includes varietal samples in approximately the same
proportion that these varieties occur in nature. Com-
monly, such objectivity has been approached through in-
troduction of randomization procedures into selection of
the sampling sites. Nearly all of the sample suites were
analyzed in a randomized sequence to circumvent any
potential effects of systematic laboratory error.

COLLECTION PROCEDURES

The samples on which these tabulations are based were
collected according to two general kinds of sampling
design. The more conventional design is one in which a
single sample of the material of interest was collected at
each of numerous sites spread rather evenly over the area of
study. A large number of studies, however, were based ona
second, more complicated sample design, one in whichan
effort was made to quantify the effects of “‘regional”
variation and the factors underlying such variation.
Sample collection in these latter studies was based on
hierarchical designs in which samples were ‘nested’” at
various geographic scales in order to assess the proportion
of geochemical variation exhibited at each scale.
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localities. Each minor locality consisted of only two strati-
graphic sections spaced about 3 km apart. In all, 200
samples of sandstone, 168 samples of shale, and 196
samples of carbonate rock were collected. The samples of
each lithic type were split into two parts and the entire
suite of each placed in a random sequence prior to
analysis. Study conducted by A. T. Miesch and Jon ]J.
Connor.

STUDY NO. 4
[Sandstone and carbonate rocks of the Sauk sequence of Cambrian and Ordovician age in
Missouri and northern Arkansas]

By Jon J. ConnNoOR

Samples weighing a few kilograms each were collected
from outcrops of the Sauk sequence of Sloss (1963) in
Missouri and Arkansas in the fall of 1970. The
stratigraphic sequence consists largely of dolomitic rocks
of Cambrian and Early Ordovician age and involves
numerous named formations (Howe and Koenig, 1961) of
which the Bonneterre and Jefferson City Dolomites are
typical. Samples of carbonate rock were collected from six
composite stratigraphic sections radiating outward from
the St. Francois Mountains region. Each section was sub-
divided into 10 parts of approximately equal thickness,
and 2 of these were randomly selected for similar sub-
division into 10 parts. Two of these latter parts (about 5 to
10 m in thickness) were randomly selected for sampling,
and 2 samples were randomly collected from each, for a
total of 8 samples per section or 48 samples in all. A second
study based on the same stratigraphic sections consisted of
collecting 2 randomly located samples of sandstone from
the Roubidoux Formation from each section, for a total of
12 samples. The carbonate rock samples were analyzed
along with other carbonate rocks from Missouri (Study
Nos. 6, 7, and 10). Fifteen samples of the total were split
and the entire batch randomized prior to analysis. The
sandstone samples were analyzed along with other sand-
stones and chert from Missouri (Study Nos. 6 and 7).
Fifteen samples of the total were split and the entire suite
of samples randomized prior to analysis. Preliminary
results of these two studies are given in U.S. Geological
Survey (1972, p. 13-17). Study conducted by Jon ]J.
Connor and Richard J. Ebens.

STUDY NO. 5

{Sandstone, shale, and carbonate rocks of Paleozoic age in Kentucky]

By Jon J. CoNnNOR

Samples weighing a few kilograms each were collected
from outcrops of the following eight rock units in
Kentucky in 1964-65: Limestone of Late Ordovician age;
limestone of Early Mississippian age; shale, limestone,
and sandstone of Late Mississippian age; and shale,
limestone, and sandstone of Pennsylvanian age. These
strata include a large number of named formations, par-
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ticularly those of Mississippian age in western Kentucky
where Chesterian rocks are well developed. Each unit was
sampled according to the following design: The State was
subdivided along latitude and longitude lines so that each
part of the State underlain by rocks of Paleozoic age was
assigned to the appropriate 1-degree “cell” (or part of a
cell). In each cell, two 7%-minute quadrangles were
randomly selected from all those in the cell which had
been geologically mapped since 1960 and which are under-
lain in part by the particular unit to be sampled. Two
localities of a size about 300 by 450 m were randomly
selected from those parts of the 7%-minute quadrangles
containing outcrops of the unit of interest and two
samples were collected from randomly located sites in each
locality. In all, 227 samples of carbonate rocks, 147 of
shale, and 136 of sandstone were collected. Each sample
was split into two parts for estimation of analytical error.
Not all samples were submitted for analysis at the same
time, but the samples in each submittal were placed in a
random sequence prior to analysis. Because of their
sideritic nature, 15 of the carbonate rock samples collected
in this study have been placed in a separate lithic category
in this compilation (Study No. 11). Published work based
on parts of this study includes Connor (1969), Connor and
Trace (1970), and Connor and Ebens (1972). Study
conducted by Jon J. Connor.

STUDY NO. 6
[Sandstone, shale, and limestone of Pennsylvanian age in Missouri, Kansas, and Oklahoma]
By Jon J. ConnNoOR

Samples weighing a few kilograms each were collected
of sandstone, shale, and limestone of Pennsylvanian age in
Missouri, Kansas, and northwestern Oklahoma in the fall
of 1970. Samples of each lithic type were collected from
four composite stratigraphic sections; two are located
about 80 km apart in northwestern Missouri and
northeastern Kansas and the other two are located in
northeastern Oklahoma about 80 km apart. Each section
was subdivided into 10 parts of approximately equal
thickness. Two of these parts which contained the
lithology to be sampled were selected randomly and
themselves similarly subdivided into 10 parts, of which 2
were randomly selected. In each of these latter parts, which
were 2-10 m thick, 2 samples of the requisite lithic type
were taken, making a total of 32 samples each of limestone,
sandstone, and shale. The samples of limestone,
sandstone, and shale were analyzed along with other suites
of carbonate rocks (Study Nos. 4, 7, and 10), sandstone,
chert (Study Nos. 4 and 7), and shale (Study No. 7). Fifteen
samples of each suite were split into 2 parts and each lithic
suite was placed in a random sequence prior to analysis.
Preliminary results of this study are in U.S. Geological
Survey (1972e, p. 22-24), and Connor and Ebens (1972).
Study conducted by Jon J. Connor and Richard J. Ebens.
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STUDY NO. 7

{Carbonate rocks, shale, and chert of Mississippian age in Missouri, Oklahoma, and Arkansas]

By Jon J. ConNoOR

Samples weighing a few kilograms each were collected
from outcrops of carbonate rocks of Mississippian age in
Missouri, northeastern Oklahoma, and northern Arkansas
in the fall of 1970. The outcrop belt was divided into five
approximately equal segments and two stratigraphic
sections about 80 km apart were located in each segemnt.
Each section was subdivided into 10 approximately equal
stratigraphic parts and 2 randomly located samples of
carbonate rock were taken from each of 2 randomly
chosen stratigraphic parts in each section, for a total of 40
samples. These samples were analyzed along with other
carbonate rocks from the same general area (Study Nos. 4,
6, and 10) and all were submitted for analysis in a
randomized sequence. Fifteen samples of the entire suite
were split prior to analysis to estimate analytical error. A
geochemical study of chert and shale interbedded with
these rocks was also undertaken. For chert, a sample
weighing a few kilograms was collected from the same
outcrop and approximately the same beds from which
- each pair of carbonate rock samples was collected,
resulting in a total of 20 chert samples. For shale, 2
samples each weighing a few kilograms were randomly
collected from 9 of the 10 stratigraphic sections, resulting
in a total of 18 samples. The samples of chert were
analyzed along with other siliceous rocks (Study Nos. 4
and 6) and samples of shale were pooled with other
aluminous rocks (Study No. 6), and all samples in each
lithic type were submitted for analysis in a randomized
sequence. Also, 15 samples in each lithic suite were split
into 2 parts for estimation of analytical error. Preliminary
results of this study are in U.S. Geological Survey (1972e).
Study conducted by Jon J. Connor and Richard J. Ebens.

STUDY NO. 8
[Shale of Early Mississippian age in Kentucky]
By Jon J. ConNOR

Samples weighing a few kilograms each were collected
from outcrops of shale of Early Mississippian age in
Kentucky in the fall of 1965. As in Study No. 5, the State
was divided into cells, each consisting of a 1-degree quad-
rangle. In each quadrangle, two 7%-minute quadrangles
were randomly selected from all those in the cell which
had been geologically mapped since 1960 and which are
underlain in part by shale of Early Mississippian age. Two
stratigraphic sections were randomly located in each
7%-minute quadrangle and 2 randomly located samples
were collected from each section for a total of 38 samples.
Each was split into 2 parts and the resulting 76 samples
were submitted to the laboratory in a randomized
sequence. Study conducted by Jon J. Connor.

STUDY NO. 9
[Black shale of Devonian and Mississippian age in Kentucky]

By Jon J. ConNoOR

Samples weighing a few kilograms each were collected
in Kentucky from outcrops of the Ohio, Sunbury, New
Albany, and Chattanooga Shales, of Devonian and
Mississippian age, in the fall of 1966. Eight randomly
located samples were collected in each of 11 sampling
localities distributed about 55 km apart around the out-
crop belt in Kentucky. Each locality consisted of an area
approximately the size of a 7%-minute quadrangle.
Twenty-two of the 88 samples were splitinto 2 parts, and
the entire suite of 110 samples was placed in a randomized
sequence prior to analysis. Study conducted by Jon J.
Connor and Harry A. Tourtelot.

STUDY NO. 10

[Limestone of the Tippecanoe sequence of Ordovician, Silurian, and Devonian ages in Missouri]

By Jon J. ConNoOR

Trimmed samples weighing a few kilograms each were
collected from outcrops of the Tippecanoe sequence
(Sloss, 1963) in eastern Missouri in the fall of 1970. The
sequence in Missouri is composed predominantly of
limestone and consists of a variety of named formations of
Ordovician, Silurian, and Devonian ages (Howe and
Koenig, 1961). The three sampled sections are located near
Hannibal, Festus, and Cape Girardeau. Each section was
subdivided into 10 parts of approximately equal thickness
and 2 randomly chosen parts in each section were sampled
in duplicate for a total of 12 samples. These samples were
analyzed along with other carbonate rocks from Missouri
(Study Nos. 4, 6, and 7) and all had been submitted for
analysis in a randomized sequence. Fifteen samples in the
suite were split prior to analysis to estimate analytical
error. Preliminary results of this study are contained in
U.S. Geological Survey (1972¢). Study conducted by Jon J.
Connor and Richard J. Ebens.

STUDY NO. 11

[Sideritic rocks of Mississippian and Pennsylvanian age in Kentucky]

By Jon J. ConNoOR

The collection of carbonate rocks of Late Mississippian
and Pennsylvanian ages in outcrops from eastern
Kentucky (Study No. 5) provided a small suite of siderite or
sideritic rocks. The rocks occur as lenses or nodules in
shales near or above the Mississippian-Pennsylvanian
boundary as mapped. They are probably diagenetic in
origin and their chemical contrast to the more common
carbonate rocks of the Paleozoic section in Kentucky
requires that they be treated separately. Fifteen samples
were collected, and were analyzed as part of the carbonate
rock collection from Kentucky (Study No. 5). Study
conducted by Jon J. Connor.
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STUDY NO. 12

[Residuum on carbonate rocks of Cambrian, Ordovician, and Mississippian ages in southern
Missouri and northern Arkansas]
By RicHARD ]. EBENS

Samples weighing about 2 kg each of cherty residuum
(terra rossa) developed on carbonate rock units were
collected in southern Missouri and northern Arkansas in
the spring of 1972. The seven areas sampled are underlain
by dolomites of the (1) Bonneterre, (2) Eminence or Potost,
(3) Gasconade, (4) Roubidoux, and (5) Jefferson City,
Cotter, or Powell Formations, and by limestones of (6)
Osagean and (7) Meramecian ages. Two samples were
collected in each of 2 randomly selected sites in each of 6
randomly selected sampling localities in each of these 7
areas for a total of 168 samples. Twenty-five of the samples
were split into 2 parts and then all 193 samples were
arranged in a randomized sequence prior to analysis.
Preliminary results of this work were published in Ebens
(1973) and U.S. Geological Survey (1972, 1973).

Residuum overlying the Bonneterre, Eminence, and
Potosi Formations tends to be elevated in barium, lead,
and zinc, and locally contains visible barite; therefore it
was excluded from this compilation. Study conducted by
Richard J. Ebens.

STUDY NO. 13
[Quaternary loess in Missouri]
By Jon J. ConNOR

Samples weighing about 2 kg each were collected from
thick deposits of Quaternary loess in bluffs adjacent to the
Mississippi and Missouri Rivers in Missourl in the fall of
1970. The 2 river courses were divided into 6 segments,
each about 150 km in length; 2 localities were randomly
selected in each segment and 2 samples were randomly
collected from a single vertical section in each locality for a
total of 24 samples. Preliminary results of this work were
published in Ebens (1973) and U.S. Geological Survey
(1972e). Study conducted by Jon J. Connor and Richard J.
Ebens.

STUDY NO. 14
[Garden soils, vegetables, native plants, and uncultivated svils in central and south-cenual
Georgia]
By HANSFORD T. SHACKLETTE

This study and the following one were done in June and
July 1965 and constitute a geochemical survey of two areas
in Georgia that exhibit contrasting rates of cardiovascu-
lar mortality in humans. The counties sampled in this
study were Bacon, Bleckley, Burke, Dodge, Emanuel, Jeff
Davis, Jefferson, Jenkins, and Warren, all having high
mortality rates. Vegetables and garden soils were sampled
in 30 sites. Stems (terminal parts of branches 20-30 cm
long) and leaves of native plants (trees and shrubs) and 3
soil horizons were also sampled at 30 sites. Selection of
sampling sites, sampling methods, laboratory preparation
and analysis of samples, and statistical treatment of the
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chemical data were discussed by Shacklette, Sauer, and
Miesch (1970) and Shacklette, Erdman, and Keith (1973).
Study conducted by Hansford T. Shacklette, Herbert I.
Sauer, and A. T. Miesch.

STUDY NO. 15

[Garden soils, vegetables, natnve plants, and uncultivated soils in northern Geoigia]

By HANSFORD T. SHACKLETTE

This study was conducted as the corollary of Study No.
14. The counties sampled were Cherokee, Fannin,
Forsyth, Gilmer, Hall, Murray, Pickens, Towns, and
Union, all having extremely low mortality rates. The
sampling plan, sampling media, sample preparation, and
analysis were the same as described for Study No. 14. Study
conducted by Hansford T. Shacklette, Herbert I. Sauer,
and A. T. Miesch.

STUDY NO. 16
{Agnicultural soils in Missouri]

By RonaLp R. TIDBALL

The study was conducted with the cooperation of the
Missouri Agricultural Extension Service in collecting
samples. The surface horizon (0-15 cm depth) of cultivated
agricultural soils at 10 sites in each of the 114 counties of
the State was sampled during 1970. Each sample is a
composite taken over a single field prior to planting.
Analysis was made of air-dried soil material less than 2
mm in diameter, pulverized to -100-mesh particle size ina
ceramic mill. Sixty of the 1,140 samples were split for
estimation of analytical error and the entire suite of 1,200
was submitted to the laboratory in a randomized se-
quence. Sampling plan, analytical results, and plotted
maps of the distribution of element concentrations were
reported by U.S. Geological Survey (1972b-f, 1973) and
Tidball (1973). Study conducted by Ronald R. Tidball.

STUDY NO. 17

[Crop plants and associated soils in Missour1]

By HANSFORD T. SHACKLETTE

Mature corn grains and soybean seeds, and composite
samples of the plow zone (0~15 cm) of culuvated soils, were
collected in Missouri in September 1970. Insofar as
possible, samples were taken at two randomly selected sites
within each of five randomly selected 7%-minute quad-
rangles in each of the Floodplain Forest, Glaciated Prairie,
Unglaciated Prairie, and Oak-hickory Forest vegetation-
type areas in Missouri (fig. 2). Samples, including
replicates (splits), were analyzed in a sequence random
with respect to geographical origin. Sampling plan,
results of chemical analyses, and statistical studies of the
data were reported by U.S. Geological Survey (1972e, 1973)
and Shacklette, Erdman, and Keith (1973). Study
conducted by Hansford T. Shacklette, John R. Keith, and
James A. Erdman.
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STUDY NO. 18
[Soils and plants in Kentucky — 1]

By RonaLp R, TipBALL

A reconnaissance study of the chemistry of soils and
plants in Kentucky was made in the spring of 1965.
Channel samples of the A, B, and C soil horizons were
collected from profiles of Red-Yellow Podzolic soils.
Randomly selected profile sites were located according to a
hierarchical design, as follows: Two sites within a 2%-
minute quadrangle, two 2%-minute quadrangles within a
7%-minute quadrangle within a 15-minute quadrangle,
and two 15-minute quadrangles within a physiographic
province. Samples were collected from 6 of the 12 physio-
graphic provinces (Nos. 4, 5, 6, 7, 11, and 12) as defined by
Bailey and Winsor (1964). Samples of mature stems (ter-
minal parts of branches, about 30 cm in length) were also
collected from both oak and hickory trees at each of the
sites from which soil samples were collected. Fifty of the
288 soil samples and 30 of the 192 plant samples were split
into 2 parts and the entire sample suite of each material
was submitted to the laboratory in a randomized se-
quence. Study conducted by Ronald R. Tidball.

STUDY NO. 19

[Soils and plants in Kentucky — II]

By RonaLp R. TipBaLL

This study used a sampling design based on the results of
Study No. 18. Sampling was performed in the spring of
1967. Channel samples of the A horizon of representative
profiles of Red-Yellow Podzolic soils were ccliected in
Kentucky according to the following design. ilighteen 30-
minute quadrangles were selected for sampling across
southern Kentucky from long 84° to 88° W., and from lat
36° to 37° N. A random selection of sites was made as
follows: Six 7%-minute quadrangles selected within each
30-minute quadrangle, one 2%-minute quadrangle within
each 7%-minute quadrangle, and one site sampled within
each 2%-minute quadrangle. Samples of mature stems
(terminal parts of branches about 30 cm in length) were
also collected from both oak and hickory trees at each site
where soil was sampled. Thirty samples each of soil and
plant material were split into 2 parts and the resulting
sample suites of 138 soils and 276 plants were submitted to
the laboratory in randomized sequence. Study conducted
by Renald R. Tidball.

STUDY NO. 20

[Native vegetation and uncultivated soils in Missour1]

By JamEes A. ERDMAN
This study was made in September and October 1970.
The sampling plan was based on a hierarchical design in
which the conceptual units at the top level were potential
vegetation types as defined by Kiichler (1964), with modi-
fications (U.S. Geological Survey, 1972a, p. 18). The stra-
tified sampling plan required the selection of 5 sites in
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each of 10 randomly selected 7%-minute quadrangles
within each of the 6 vegetation-type areas in Missouri (fig.
2). Plant sampling was based on (a) ubiquitous (smooth
sumac) or widespread (buckbrush) species in all vegeta-
tion-type areas, and (b) species characteristic of each vege-
tation type. Stems (terminal parts of branches) 10-30 cm in
length of these species were collected at as many sites as
possible, were dried and pulverized, and part of each
sample was burned to ash for chemical analysis. The B
horizon of uncultivated soil was sampled at each site,
dried, pulverized, and analyzed. Fifty of the 950 plant
samples and 30 of the 300 soil samples were split into 2
parts, and the resulting sample suites of 1,000 plants and
330 soils were analyzed in a sequence random with respect
to geographic origin. Descriptions of the sampling plan,
results of chemical analyses, plotted maps of the distribu-
tion of element concentrations, and statistical studies of
the data were reported by U.S. Geological Survey (1972a-f,
1973), Erdman and Shacklette (1973), and Ebens and
others (1973). Study conducied by James A. Erdman,
Hansford T. Shacklette, and John R. Keith.

STUDY NO. 21
[Surficial materials in the conterminous United States]
By HANSFORD T. SHACKLETTE

As many as 1,000 samples of soils or other surficial
materials, taken at a depth of approximately 20 cm from
locations about 80 km apart on routes of travel across the
United States were analyzed for 43 elements. Samples were
collected during 1958-70 by personnel of the U.S.
Geological Survey. The sampling program was designed
to give estimates of the range of element abundance in sur-
ficial materials that were unaltered or very little altered
from their natural condition. Even though most samples
weie collected in the vicinity of roads, the data for lead in
this study are included in this report, because an indepen-
dent study by Connor, Erdman, Sims, and Ebens (1970)
had suggested that lead accumulation in subsurface soil 20
to 30 m laterally from the road surface could not be demon-
strated by the analytical methods used. Results of this
study were reported by Shacklette, Hamilton, Boerngen,
and Bowles (1971), Shacklette, Boerngen, and Turner
(1971), Shacklette, Boerngen, Cahill, and Rahill (1973),
and Shacklette, Boerngen, and Keith (1974). Study
conducted by Hansford T. Shacklette and Josephine G.
Boerngen.

STUDY NO. 22

[Surficial materials, Longmont, Colorado, area]

By HarrY A. TOURTELOT
As a pilot study preparatory to investigating the
geochemistry of the Front Range Urban Corridor (exten-
ding from Fort Collins south to Fountain, Colorado), 168
samples of surficial materials, 4 in each of 42 localities
arranged in a grid pattern over twelve 7%-minute quad-
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1angles, were collected and analyzed. These quadrangles
were centered on Longmont and spanned the Corridor,
from within the mountains eastward onto the plains. The
surficial materials were collected during November 1971
through February 1972 and were sampled to a depth of 15
cm. They ranged from well-developed agricultural soils to
unconsolidated sediments and rock disintegration pro-
ducts. Samples, including 60 replicates (splits), were
analyzed in a sequence random with respect to geograph-
ical origin. Preliminary results of this study were reported
by Tourtelot (1973). Study conducted by Harry A.
Tourtelot.

STUDY NO. 23
[Garden vegetables and field corn in Wisconsin, Minnesota, and Towa]
By HANSFORD T. SHACKLETTE

A variety of vegetables and field corn was collected in
September 1961, from up to 27 sampling sites in home and
institutional gardens and commercial plantings, princi-
pally * 1 Wisconsin. One home garden in Iowa and a corn-
field in Minnesota, both near the Wisconsin boundary,
were also sampled. For brevity, these collections are listed
in the summary tables as being from Wisconsin only. The
selection of gardens to sample was based on availability of
the desired kinds of vegetables in a garden, the facility of
obtaining permission to sample, and the time available.
Large gardens at the county hospitals of Dane, Grant,
Iowa, and Richland Counties, and a commercial truck
farm in Racine County, were sampled; other sites were
family gardens. Corn was sampled in fields in which the
grains were mature at the time of the study. The vegetable
samples were prepared as for table use (but without cook-
ing), and the mature grains of corn were removed from the
cob. The samples were dried, pulverized, and burned to
ash, and the ash was analyzed by semiquantitative spec-
trographic and other methods. See also Shacklette,
Erdman, and Keith (1973). Study conducted by Hansford
T. Shacklette.

STUDY NO. 24
[Cedar in Missouri]
By JamEes A. ErRDMAN

Red cedar was sampled in August and September of 1969
at two randomly selected sites within each of five
randomly selected 7%-minute quadrangles within each
vegetation-type area of Missouri (fig. 2). The terminal
20~30 cm part of branches, including both stems and
leaves, was collected and the samples were analyzed by
spectrographic and other methods, as reported by U.S.
Geological Survey (1972b), in a random sequence
unknown to the analyst. Application of these data to a
contamination study was reported by Ebens, Erdman,
Feder, Case, and Selby (1973). Study conducted by James
A. Erdman, Hansford T. Shacklette, and John R. Keith.
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STUDY NO. 25
[Surface soils and sagebrush, Wyoming and Montana]

By Jon J. ConnNOR

Forty-eight samples of soil and sagebrush were collected
in May 1973 from the Powder River Basin according to a
hierarchical design. The basin was divided into 12 parts,
each approximately 70 km on a side. Two townships were
selected randomly from each part; a total of three sections
were selected randomly in the two townships, and a total
of four sampling sites were selected in the three sections. At
each site a sample of the top 2 cm of undisturbed soil and
a sample of the terminal stems and leaves of a living sage-
brush were collected. Selected samples of each material
were split into two parts and the samples in each resulting
suite were analyzed in a randomized sequence. A few pre-
liminary results of this study were given by Anderson,
Keith, and Connor (1974). Study conducted by Jon ]J.
Connor, John R. Keith, and Barbara M. Anderson.

METHODS OF ANALYSIS

A wide variety of analytical methods was used to
generate the dataunderlying the tabulations in thisreport.
In the earlier studies, the common metals in rocks and soils
were generally determined by rapid spectrophotometric
techniques (Shapiro and Brannock, 1962), or atomic ab-
sorption spectrophotometric methods (Shapiro, 1967).
More recently, and-particularly for studies in Missouri,
many of these metals were analyzed by rapid X-ray
fluorescence techniques. Trace-metal analysis in all work
has relied heavily on both a semiquantitative emission
spectrographic procedure slightly modified from that
described by Myers, Havens, and Dunton, and a direct-
reading emission spectrographic technique (Havens and
Myers, 1973). Elements in plant ash not measured
spectrographically were measured by atomic absorption,
colorimetric, selective-ion electrode, or other special
methods as listed in table 1. All analytical work was
performed in laboratories of the U.S. Geological Survey.
The analytical technique used for each entry in the
summary tables 5-53 is identified by the appropriate
number listed in table 1.

Forty-eight elements are listed in the summary tables.
Of these, about 10 were detected in only a relatively few
samples of only a few studies. Approximate limits of
determination for a variety of elements commonly looked
for in spectrographic work but seldom or never detected
are listed in table 2.

For various reasons, 24 of the 92 naturally occurring
elements were never analyzed for in any of these studies.
They are the six noble gases (helium, neon, argon,
krypton, xenon, and radon), nitrogen, oxygen, sulfur,
chlorine, bromine, technetium, ruthenium, rhodium,
cesium, promethium, osmium, iridium, polonium,
astatine, francium, radium, actinium, and protactinium.
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TaBLE |.—Analytical methods used

[Number in the first column identifies the method used for determining chemical data reported in tables 5-53. Leaders (...) indicate no data available]

No. Name of method

Materials analyzed, and elements commonly reported Principal references Remarks

1 Six-step emission
spectro graphic.

2 Direct-reading
emission spec-
trographic.

3 Atomic absorp-
tion, flame

4 Atomic absorp-
tion, flameless.

5 X-ray fluores-
cence

6 Colorimetric.........

7 Catalytic...c.c...u.ee.

8 Neutron activa-
tion

9 Selective-ion
electrode

10 Gasometric...........

11 Calculated...........

12 Flame emission
(photometric).

13 EDTA titration....

14 2-3 diamino-

naphthalene....

15 Gravimetric.........

16 “Rapid rock”

Concentrations reported as mid-
points of six geometric classes
per order of magnitude.

Myers, Havens,
and Dunton,
1961

Geologic materials, soils, and plant ash: Ag, B, Ba, Be, Ce, Co,
Cr, Cu, Ga, Fe, La, Mn, Mo, Nd, Ni, Pb, Sc, Sn, Sr, Ti, V,
Y, Yb, and Zr. Geologic materials and soils only: Nb. Geologic
materials and plant ash only: Ca. Soils only: Bi and Sb. Soils
and plant ash only: Al and W. Plant ash only: Mg.

Concentrations reported as actual
values, rather than as classes of
values.

Havens and
Myers, 1973

Geologic materials, soils, and plant ash: B, Ba, Be, Cr, Cu, La,
Mn, Mo, Pb, and Y. Geologic materials oniy: Fe and Zn. Geologic
materials and soils only: Co, Ga, Nb, Ni, Sc, Sr, V, and Zr. Geo-
logic materials and plant ash only: Ti. Plant ash only: Ag.

Ward, Nakagawa, Second reference describes meth-
Harms, and ods for Cd and Li only.

Geologic materials, soils, and plant ash: Cd, Li, Mg, Na, and Zn.
Geologic materials only: Ag. Plant ash only: Ca, Co, Fe, K, and

Rb. Van Sickle,
1969; Shacklette,
Boerngen, Cahill,
and Rahill,1973.
Geologic materials, soils, and dry plants: Hg ....c..cccoovviiiniincnnnnn Vaughn and Unpublished modification used

McCarthy,1964.  for dry plants.
Liebhofsky,

Pfeiffer,

Winslow, and

Zemany, 1960.

Geologic materials and soils only: Al, Ca, Fe, K, P, Se, and Si.......

Ward, Lakin,

Canney,
and others, 1963.

Use for Pb, Cu, and Zn discon-
tinued in 1967.

Geologic materials, soils, and dry plants: As. Soils and plant ash
only: Cu, P, Pb, and Zn. Plant ash only: Si.

Cuthbert and Oxygen combustion-ceric sulfate

Dry plants only: 1

. Ward, 1964. method.
Geologic materials only: Au. Geologic materials and soils only: Rowe and Used in conjunction with fire
I. Soils only: Th and U. Simon, 1968 assay for Au.

Geologic materials, soils, and dry plants: F Ingram, 1970 ....

Geologic materials and soils only: Carbonate C

Geologic materials and soils only: Organic C.........ccccoeiircninnnnnns Total C minus carbonate C.

Shapiro and Use discontinued in 1967.

Brannock,1962.

Soils only: Na. Soils and plant ash only: K......coooooiiveiiiicinnnn,

Soils and plant ash only: Ca and Mg .....ccccccccovvvnviiivcnicricrcinieenices e A0 i Use discontinued in 1967.

Dry plants only: Se Unpublished method.

Ward, Lakin,
Canney, and
others, 1963.

Aliquots of dry plants weighed,
burned to ash, and the ash
weighed and calculated as per-
centage of dry weight.

All  elements determined in
aliquots of a single solution of
the sample.

Shapiro, 1967;
Shapiro and
Brannock, 1962.

Geologic mateyials only: Carbonate C and Mn. Geologic matenals
and soils only: Al, Ca, Fe, K, Mg, Na, P, Si, and Tri.
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TABLE 2.—Elements commonly looked for, but rarely or never detected,
by multi-element spectrographic analysis, and their approximate
lower limits of determination in parts per million

[Values apply to analyses by the semiquantitative spectrographic
method, except values in parentheses, which apply to analyses by
the quantitative (direct-reading) spectrographic method. Leaders
(—) in a figure column indicate that the element is commonly de-
tected in the sample material listed in the column heading]

Material analyzed

Element Rocks and Plant ash
soils
Antimony ... 150 (300) 300
Arsenic........ 1,000 2,000
Bismuth..........c.uceeee.... 10 (10) 20
Cadmium ..................... 20 (70) 50
Cerium .......... 150 300
Dysprosium... 150 1100
Erbium.......... 50 100
Europiums.................... 100 200
Gadolinium.................. 150 1100
_— 5
10 (50) 20
20 50
100 200
Holmium ... 120 150
Indium ....... 10 (10) 20
Lichium.........ccveeeeeeene 50 100
Lutetium...................... 130 170
Neodymium.................. 270 270
Niobium....................... 10 20
Palladium..................... 1 (5 2
Platinum....................... 30 70
Praseodymium ............. 2100 2200
Rhenium...................... 30 (70) 70
Samarium..................... 1100 1200
Silver ...ccovvcvvveiiiiens 5 (2) 5
Scandium ..................... _ 5
Tantalum..................... 200 500
Tellurium..................... 2,000 5,000
Terbium ............coc....... 1300 1700
Thallium...................... 50 (50) 500
Thorium....................... 200 500
Thulium....................... 120 150
TN v, 10 (20) 15
Tungsten...........c.c....... 100 (300) 300
Uranium....................... 500 1,000
ZinC...oocovecveincrnienranne. 200 (300) —_

"Looked for if yttrium is greater than 50 ppm.

2Looked for if lanthanum or cerium is found.

The total elemental variation observed in a specific
study always includes variation due to laboratory
(“analytical”) procedures as well as variation due to
natural effects. The inclusion of hidden and randomly
sequenced sample splits in many of the laboratory
submittals provided data for the estimation of total
laboratory variance from the equation:

X, - X,
1=1

2,

S%- (1)

a
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where S22 represents the error variance, X;, and X,
represent the concentrations (or their logarithms) of an
element in the two splits of the ith sample and n is the
number of samples split. Where an error was not formally
defined, it resides in the estimate of tatal variability and
remains unknowable.

GEOCHEMICAL SUMMARIES
ORGANIZATION AND USE OF DATA

The geochemical summaries tabulated herein are
alphabetically arranged by the English spelling of each
element. Summaries for each element are presented, as
appropriate, for each of four broad environmental
categories—rocks, unconsolidated geologic deposits,
soils, and plants. Listed within each category are the
summary results for one or more individual studies.
Studies on rocks and unconsolidated geologic deposits are
grouped by gross lithologic character. Soils are sub-
divided into those under active cultivation and those not
under active cultivation when sampled; within each
group, soil studies are listed by horizon or depth. In
Studies 10 and 22, soils from both cultivated and
uncultivated sites were included without differentiation.
Plants are grouped as cultivated or native species and are
listed within either group by their common names;
scientific names and plant parts sampled are given in
tables 3 and 4. For cultivated plants, eniries in the
summary tables are given for analysis of the plant as
commonly prepared for eating but prior to cooking. All
entries in the summary tables are given a general location,
commonly the State.

Each entry in each table is identified by a study number,
with which the user may find a brief description of the
work 1 the section entitled ‘“Descriptions of Field
Studies,” and a number identifying the analytical method
used (from table 1). Also given are the following: a ratio,
which indicates the number of samples in which the
element was determined in relation to the total number
analyzed; the mean, which estimates the most probable
concentration to be expected in the analyzed material; the
deviation, a factor which indicates the degree of vari-
ability observed; the error, a factor which indicates the re-
producibility of the analytical method; and finally, the
range of concentrations observed in the study.

Geometric and arithmetic means, standard deviations,
standard errors, and observed ranges are given in units of
percent, parts per million (ppm), or parts per billion
(ppb). A part per million is 10-* percent and a part per
billion is 10-7 percent. Geometric deviations and geo-
metric errors are factors.

The mean for each entry in the summary tables is
commonly give to two significant figures. It is
conventional in geochemical summaries to. give an
arithmetic average for the mean, and a few such entries
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TABLE 3.—Percentage of ash obtained by burning dry material of cultivated plants

{Explanation of column headings: Study No. refers to study described in text. Plant parts designated as S, stems; L, leaves;
F, fruits; SD, seeds; G, grains; R, roots; T, tubers; and B, bulbs. Mean, geometric mean. Deviation, geometric deviation.

Error, geometric error attributed to laboratory procedures. Leaders (—) in figure column indicate no data available]
Common and scientific name, Study Plant Mean Devia- Observed
and collection locality No. part (percent) tion Error range
(percent)
Asparagus (dspara officinalis L.);
Wlsconsmpgusjf) ........... 23 S 8.2 1.17 —_ 6.3-10
Bean, lima (Phaseolus limensis Macfad.);
GEOIGIA .c.vervvreeeneriniirenreerieneeereeessesreeeens 14 SD 5.5 1.13 —_ 44- 7.2
. 15 SD 6.7 1.18 —_ 5.4-10
Bean, snap (Phaseolus vulgaris L.); Georgia 14 F 8.4 134 — 4.8-15
15 F 6.8 1.14 —_ 5.3- 8.9
Beet, red (Beta vulgaris L.); Wisconsin....... 23 R 9.5 1.64 —_— 5.5-14
Blackeyed pea (Vigna sinensis Endl.);
GEOTGIA c.eeuveerereecvrrrrineeresreeresresseesnneesee 14 SD 5.9 1.26 —— 4.2-12
15 SD 5.2 109 — 4.7- 5.8
Cabbage (Brassica oleracea L.);
GEOYIGIA ...ttt 14 L 19 1.41 —_ 9.6-35
15 L 21 116 —— 15 -29
WISCONSIN..cceireiieiieeereecrcee s 23 L 9.4 119 — 7.0-13
Carrot (Daucus carota var. sativa DC.);
WISCONSIN......coreeeinireeiereeneeerreeeeesneaenens 23 R 9.8 1.58 —_ 5.5-15
Corn (Zea mays L.);
GEOTZIA ...ttt 14 G 4.4 147 —— 2.3- 9.0
15 G 3.7 1.55 _ 2.0-7.8
Missouri
Floodplain Forest.............ceeueenennee 17 G 1.8 1.17 1.09 1.4- 2.2
Glaciated Prairie., ... w17 G 1.6 1.23 1.09 1.0- 2.1
Unglaciated Prairie, 17 G 1.5 1.19 1.09 1.3- 2.1
Oak-hickory Forest. w17 G 1.6 1.19 1.09 1.2- 2.0
WISCONSIN .ooeeeerivierierevinenecninscnneccsnneenne 23 G 1.8 1.14 —_ 1.3- 6.3
Cucumber (Cucumis sativus L.); Wisconsin 23 F 11 1.25 —_— 8.3-14
Onion (Allium cepa L.); Wisconsin............ 23 B 48 . L1l _— 4.3- 55
Pepper, sweet (Capsicum frutescens var.
grossum Bailey); Wisconsin.............. 23 F 7.0 1.08 —_ 6.5- 7.8
Potato (Solanum tuberosum L.); Wisconsin 23 T 5.0 1.51 _— 3.8- 85
Tomato (Lycopersicum esculentum Mill.);
GEOIZIA ..ottt 14 F 11 140 —— 4.6-20
15 F 9.8 1.20 - 49-13
Soybean (Glycine max Merr.); Missouri
Floodplain Forest..........cccceceeeenn 17 SD 5.1 1.10 1.09 4.3~ 5.8
Glaciated Prairie..... w17 SD 5.5 1.06 1.09 49- 6.0
Unglaciated Prairie 17 SD 5.3 1.06 1.09 4.8- 5.8
Oak-hickory Forest 17 SD 5.2 1.07 1.09 4.6- 5.8

here do so; an example is aluminum in cultivated surface
horizon soils of Missouri (table 5, Study No. 16). However,
the tendency for elements in natural materials,
particularly trace elements, to exhibit positively skewed
frequency distributions, suggests that the geometric mean
is the more proper measure of central tendency. The
geometric mean is the antilog of the arithmetic mean of
the logarithmic values and, for lognormal distributions,
the geometric mean is the mode.

A common problem in trace-element summaries is the
necessity to summarize data which contain non-numeric
concentration values such as “trace” or “less than’’ some
specified limit. Such data are said to be censored, and,
under such circumstances, the mean has been computed
usirg special procedures described by Cohen (1959) and
applied to geochemical problems by Miesch (1967b).
These procedures involve an adjustment of the summary
statistics computed for the non-censored part of the data.

For some entries, censoring is so severe that such

adjustment is unreliable or even impossible. Under these
circumstances, the median of the distribution is given as
the mean, or the mean is simply listed as “‘less than’’ some
limiting lower value.

The use of special procedures to quantify estimates of
the central tendency where part of the data is censored
sometimes leads to estimates of the mean at levels below
the limit of detection. For example, aluminum in dolo-
mite of the Sauk sequence in Missouri and Arkansas (ta-
ble 5, Study No. 4) is estimated to have a mean of 0.30 per-
cent although the lowest measured concentration in 48
samples was 0.53 percent. This feature of the data analysis
obviously permits a greater utilization of data which may
be initially viewed as rather limited because of analytical
constraints.

For those rare entries where the arithmetic average is
given for the mean, itis also thought to reflect an unbiased
estimate of elemental abundance. Where the geometric
mean is given, the abundance may be estimated from the
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TABLE 4.—Percentage of ash obtained by burning dry material of native plant species
{Explanation of column headings: Study No. refers 1o study described in text. Plant parts designated as S, stems; L., leaves;
and SL., stems and leaves combined. Mean, geometric mean. Deviation, geometric deviation. Error, geometric error attributed
to laboratory procedures. Leaders (—) in figure column indicate no data available]

Observed
Common and scientific name, Study Plant Mean Devia- Error range
and collection locality No. part (percent) tion (percent)
Black cherry (Prunus serotina Ehrh.);
GEOIZia ceeveveeeiire e 14 S 2.0 1.71 ——  0.I9- 5.2
15 S 2.3 130 —— 13 -54
14 L 5.4 1.22 — 29 -76
15 L 6.5 1.21 —— 48 - 96
Blackgum (Nyssa sylvatica Marsh.);
Georgia cc.oovveeeeiiiceiniiiee e 14 S 2.4 126 —— 15 -44
15 S 2.8 1.21 — 20 - 4.1
14 L 4.3 125 —— 25 -6.6
15 L 59 1.18 — 48 -9.1
Buckbush (Symphoricarpos orbiculatus
Moench); Missouri
Glaciated Prairie..... 20 S 6.0 1.16 1.10 4.6 - 85
Unglaciated Prairie e 20 S 5.9 1.27 1.10 3.8 - 88
Cedar Glade............... 20 S 5.1 1.15 110 45 - 68
Oak-hickory Forest....... e 20 S 6.3 1.17 1.10 55 - 8.0
Oak-hickory-pine Forest................ 20 S 5.6 1.14 1.10 45 - 6.3
Cedar (Juniperus virginitana L.); Missouri
Cedar Glade.........cccceevveerrenrnnnnnn. 20 SL 6.0 1.16 — 46 - 85
Glaciated Prairie..... e 24 SL 5.9 1.27 1.10 38 - 88
Unglaciated Prairie 24 SL 5.1 1.15 .10 45 - 6.8
Cedar Glade......... 24 SL 59 1.09 1.10 53 - 68
Oak-hickory .Fores e 24 SL 6.3 1.17 .10 55 - 8.0
Oak-hickory-pine Forest................ 24 SL 5.6 1.14 .10 45 - 6.3
Hickory, pignut (Carya glabra (Mill.)
Sweet); Kentucky....occooeevveneriinieennninen, 18 S 4.5 1.33 1.10 2.0 - 7.3
19 S 5.8 1.28 105 28 -11
Hickory, shagbark (Carya ovata (Mill.)
Koch); Kentucky ....ccccccooveveriinieennnnnansnn 18 S 4.2 1.32 110 25 -75
19 S 5.0 1.30 .05 29 - 80
Missouri
Oak-hickory Forest 20 S 5.3 1.29 1.10 3.6 - 9.0
Oak-hickory-pine Forest 20 S 5.1 1.77 1.10 4.1 - 6.1
Oak, black (Quercus velutina Lam.); Ken-
BUCKY oot 18 S 3.6 1.25 1.05 24 - 6.2
19 S 3.9 1.20 1.05 25 -58
Oak, post (Quercus stellata Wang.); Miss-
OUT ittt e ene 20 S 4.2 1.31 .10 25 - 8.4
Oak, red (Quercus rubra L.); Kentucky ...... 18 S 3.6 1.28 [.05 2.0 - 49
19 S 3.7 1.32 1.05 25 - 6.6
Oak, white (Quercus alba L.)
Kentucky ....coceeceriiecienivnireiveceeee e 18 S 3.3 1.24 1.05 20 - 45
19 S 3.5 1.20 1.05 22 -55
Missouri
Oak-hickory Forest..........cccuronnne. 20 S 3.6 1.28 1.10 24 - 76
Oak-hickory-pine Forest................ 20 S 34 1.14 .10 2.4 - 47
Oak, willow (Quercus phellos L.); Missouri
Floodplain Forest .............cc.cveu..n. 20 S 24 1.29 .10 14 - 42
Persimmon  (Diospyros virginiana L.);
GROIZIA cvvvcrrerereeneeiiee et 14 S 3.1 1.23 — 22 -54
15 S 3.0 118 —— 22 -43
14 L 6.0 1.27 — 34 -95
15 L 7.3 1.27 — 52 -13
Pine, shortleaf (Pinus echinata Mill.);
MISSOUT «.cnrurnrenrenrioneennannnreeserseeseenennns 20 SL 2.7 1.23 1.10 1.7 - 42
Sagebrush (Artemisia tridentata Nutt.);
Powder River Basin, Wyoming and
MONtANA...ccocvviirtiieieveeeeesrireeeaense 25 SL 5.8 1.19 —— 33 -88
Sassafras (Sassafras albidum (Nutt.) Nees);
GEOIZIA ettt eas 14 S 1.9 1.31 —_ 12 -37
15 S 1.9 1.26 — 1.1 -36
14 L 4.7 1.21 —— 33 -59
14 L 5.7 1.13 —— 46 - 6.8
Sumac, smooth (Rhus glabra L.); Missouri
Floodplain Forest ..............cooounn. 20 S 3.5 1.19 .10 2.7 - 52
Glaciated Prairie...... .20 S 4.2 1.19 1.10 28 - 6.7
Unglaciated Prairie . 20 S 3.8 1.18 1.10 21 - 54
Cedar Glade............. .. 20 S 3.6 1.18 1.10 25 - 4.8
Oak-hickory Forest........ 20 S 3.6 1.18 1.10 2.7 - 49
Oak-hickory-pine Forest................ 20 S 3.4 1.18 1.10 21 - 5.6
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TaBLE 4.—Percentage of ash obtained by burning dry material of native plant species—Continued

Observed

Common and scientific name, Study Plant Mean Devia- Enor range
and collection locality No. part (percent) tion (percent)
Sumac, winged (Rhus copallina L.); Georgia 14 S 3.6 1.22 — 25 -54
15 S 3.8 1.24 —— 25 -06.1
14 L 4.6 1.20 —— 28-62
15 L 4.8 1.32 — 27 -96
Sweetgum (Liquidambar styraciflua L.);
GEOTZIA ..ot 14 S 4.8 1.2 —— 381 -177
15 S 4.1 1.37 — 26-90
14 L 5.6 1.15 — 40 -172
15 L 5.6 1.21 — 4.3 - 82
Missouri
Floodplain Forest........cccccovvvuinunnnn. 20 S 4.6 1.43 110 2.0 -12
following relation:
t=TM, (2)

where ¢ estimates the abundance (as Sichel’s ¢, see Miesch,
1967b), M is the geometric mean, and 7 is an adjustment
factor and is read from figure 3. For example, aluminum
in the sandstones of the Sauk sequence, Western United
States (table 5, Study No. 3), is estimated to have a
geometric mean of 0.77 percent and a geometric deviation
of 2.49. These statistics are based on 400 analyses.! Read-
ing from figure 3, where D=2.49 and n=400, T is estimated
to be 1.5 and ¢ (abundance) from equation (2) is estimated
as 1.16 percent aluminum.

Finally, most of the element concentrations in plant
tissue were summarized on an ash weight basis. The user
who wishes to convert the mean element concentration in
ash toa dry weight basis may apply the following formula:

Mp=(M,xMp) /100, ' (3)

where M, approximates the mean in dry weight, M4 is
the mean in ash weight, and M, is the mean of the percent
ash measured in that study (from tables 3 or 4). For

example, asparagus stems collected in Wisconsin (table 5, |FicUre 3.—Graphs of T as a function of number of analyses, n, and the

Study No. 23) exhibit a mean aluminum concentration in
ash of 0.40 percent, and a mean ash content (from table 3)
of 8.2 percent. Based on equation (3) the approximate
expected concentration of aluminum in dry weight is
0.033 percent.

Equally as important as the mean in background
geochemical studies, however, is the magnitude of the
scatter to be expected about the mean. A useful measure
of this scatter in lognormal distributions is the geometric
deviation, a factor which may be used to estimate the range
of variation expected for any element in any unit. The
geometric deviation is the antilog of the standard
deviation of the logarithmic values. About 68 percent of
the samples in a randomly selected suite should fall within

'In this particular study, the 400 analyses are of only 200 samples and, therefore, are not
independent. However, the curves on figure 3 show that use of n=400 or n=200 gives essentially
the same value of T .

geometric deviation, D (from Miesch, 1967b).

the limits, M/D and M'-D, where M stands for the
geometric mean and D stands for geometric deviation.
About 95 percent should fall between M/D? and M-D.2,
and about 99.7 percent between M/D3 and M-D3. For
example, aluminum in granites of Precambrian age in
Missouri (table 5, Study No. 1) has a geometric mean of 6.7
percent and a geometric deviation of 1.06. Thus, the most
likely concentration for aluminum in a suite of randomly
selected granite samples collected in outcrop in the St.
Francois Mountains of southeastern Missouri is 6.7
percent; in addition, about 68 percent of the collected
samples, if analyzed by emission spectrographic tech-
niques in the U. S. Geological Survey laboratories, should
range from about 6.3 (M/D) to about 7.1 (M‘D) percent
aluminum. About 95 percent will fall between 6.0(M/D?)
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and 7.5 (M-D?) percent aluminum, and more than 99
percent between 5.6 (M/D?3) and 8.0 (M-D?3).

The deviation in censored data has been computed
using procedures described by Cohen (1959) and Miesch
(1967b). A number of entries in the tables of this report give
no estimate of variability because of insufficient data.
Nevertheless, for some of these entries, a rough estimate of
the upper limit of the 68 and 95 percent ranges may be
obtained. About 16 percent of the samples in a randomly
collected suite are expected to fall above the 68-percent
range, and about 2.5 percent should fall above the 95-
percent range. Thus, where element concentrations are
censored on the low side and no geometric deviation is
listed, detection ratios of 0.16 and 0.025 indicate that the
limit of determination approximates the upper end of the
68- and 95-percent concentration ranges, respectively, for
that element in that material. For example, aluminum in
chert of Mississippian age in Missouri, Oklahoma, and
Arkansas (table 5, Study No. 7) was detected at a
concentration of 0.53 percent in only 5 percent (1 of 20) of
the samples analyzed. This suggests that the limit of
analytical determination (0.53 percent) lies somewhere
between the upper end of the 68-percent range and the
upper end of the 95-percent range, and probably very close
to the latter.

As already stated, the deviation listed for each study
includes variation arising from laboratory procedures as
well as variation arising from nature. Where the sampling
design so permits, an estimate of that part of the total
observed variation due solely to laboratory effects is given
as the error, and an estimate of the variation attributed
solely to natural effects may be computed from:

D.=antilog v (log D)*~(log E)?, 4)

where D, estimates the geometric deviation corrected for
laboratory effects, and D and E are the geometric deviation
and geometric error, respectively, taken from the summary
tables. For entries consisting of the arithmetic mean, the
standard deviation and the standard error, variation due to
natural effects is estimated as:

D.= N (Dy-(EF, (5)
where D, estimates the standard deviation corrected for
laboratory effects, and D and E are the standard deviation
and the standard error, respectively.

For example, D, foraluminum in the Missouri granites
(table 5, Study No. 1) is estimated from equation (4) to be
1.04, and the expected approximate 68, 95, and 99.7
percent ranges corrected for analytical variation are
6.4-7.0, 6.2-7.2, and 6.0-7.5 percent aluminum,
respectively. D, for aluminum in surface horizons of
cultivated soils of Missouri (table 5, Study No. 16) is
estimated from equation (5) as 1.14, and the expected

STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

approximate 68, 95, and 99.7 percent ranges corrected for
analytical variation are 3.0-5.2, 1.8-6.4, and 0.7-7.5
percent aluminum, respectively.

For some entries, the listed error is larger than the listed
deviation and D, cannot be calculated. This occurs
because the deviation and the error are themselves only
estimates and are each subject to errors inherent in
estimation. Where variation due to laboratory procedures
forms a large part of the total observed variation, the
estimate of the error may exceed the estimate of the total
variability. In these circumstances, the only conclusion to
be drawn is that the material under study is relatively
uniform in composition and further attempts to examine
its natural variability must be based on laboratory
procedures more precise than those used here.

All entries lacking an estimate of the error must be used
judiciously. Little can be said about the natural variation
of these materials without some assumptions as to the
magnitude of the laboratory effects that might be present.

CONCLUDING REMARKS

The summary statistics in this report are not those
conventionally used and an attempt has been made to
permit the user to estimate a ‘“reasonable range” of
concentrations, using the estimated deviation. The data
given in the summary tables (tables 5-53) are meant to
provide a realistic guide to expected elemental
concentrations in a variety of common environmental
materials under “ordinary”’ or natural conditions.

The reader contemplating use of these data should bear
in mind several points. Because the data were analyzed by a
variety of analytical methods over a long period of time,
there may well be analytical bias from entry to entry, but
no work has been done to measure any such potential bias.
Also, although the summary data for each entry are meant
to reflect something of the natural geochemical character
of that entry, a collection of entries in any given category
must not be viewed as representative of that category as a
whole. The entries are heavily weighted to specific areas of
the country. For this reason, comparisons among major
categories should be made cautiously. In addition, all data
in these tables are based on total element content,
regardless of the forms in which the element may occur in
nature.

However, one comparison in these data that is of great
interest to environmental geochemistry is the marked
difference in average concentration for a host of elements
measured in both vegetables and native plant material.
Expected concentrations of barium, calcium, lead,
manganese, sodium, strontium, titanium, and yttrium are
clearly higher in native trees and shrubs than in garden
foodstuffs prepared for eating. These differences
undoubtedly reflect the contrast in plant parts (terminal
stems versus roots, leaves, and seeds), but some of the
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difference may well reflect a tendency for perennial plants
to “build up” concentrations over the years (Shacklette,
Sauer, and Miesch, 1970, p. 25).

Another aspect to keep in mind when using these
summaries is that the long agricultural and industrial
history of this country may well have altered the “natural”
background for some elements in some materials. The
widespread  atmospheric  effects attendant upon
combustion of leaded gasoline, for example, conceivably
may alter the element content of plant tissue collected far
from any pollution sources. Likewise, agricultural
practices may affect trace elements in vegetables, but there
seems to be no alternative to collecting vegetables as they
are grown and terming their element burdens
“background.” The summary data on lead are probably
most suspect in this sense.

Finally, the use of the summary statistics assumes some
specific features about expected frequency distributions of
elements in mature. To the extent that such assumptions
are not valid, predictions of the expected concentration
and expected range will be in error. In particular, entries
exhibiting large deviations (near 5.0 or greater) may reflect
unusual distributions. The most commonly encountered
problem is probably that of the presence of multiple
modes in the distribution.

Perhaps the greatest use of these data will be to pointup
the large compositional diversity to be expected routinely
in ordinary materials. Even though a large part of the
studies used in this compilation was undertaken in only
four States (Georgia, Kentucky, Missouri, and Wisconsin),
the data on sedimentary rocks, soils, native plants, and
vegetables clearly illustrate this diversity. The following
summary tabulates the ratio of the highest mean to the
lowest mean for six elements in the seven common
materials reported on in this paper:

Element ratios

Material Ba Cu Fe Mn K Sr
Rocks, sandstone.......... 45 70 21 10 8.0 7.3
shale.......ccoovvireenrnne. 23 10 25 6.5 2.5 2.2
carbonate.................. 29 14 240 20 5.3 9.9
Soils, uncultivated ....... I3 3.9 260 75 41 42
cultivated ................ 8.6 38 91 18 36 28
Plant ash, vegetable ..... 30 11 5.1 8.4 2.8 63
native species............ 41 54 11 30 79 17

The greatest contrast in the above summary is reflected
in a ratio of 240 for the element iron in carbonate rocks.
This extreme reflects the difference between iron-rich
siderite (Study No. 11) and iron-poor limestone and
dolomite, but other trace elements, like copper and
manganese, are still seen to be highly variable within each
of the three common sedimentary rock types. Expected
differences within the two soil categories and the two
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kinds of vegetation also can be extreme, as for potassium
or strontium in soils and barium or strontium in plant
ash. The differences reflected in the above ratios include
the effects of laboratory procedures, but the pitfalls of
assigning some single average concentration to an entire
category of material(such as “carbonate rocks” or “soil”),
as tends to be common in published tables of element
abundances, are quite apparent.
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TABLES 5-53

Tables giving concentration of elements in rocks, unconsolidated geologic deposits, soils, and plants
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TABLE 5.—Aluminum in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples amalyzed. Meam, geometric mean except that
values preceded by asterisk are arithmetic mean. Deviation, geometric deviation except that values
preceded by asterisk are standard deviation. Error, geometric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (--) in figure columm

indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis __ (percent) tion (percent)
ROCKS
Granite
Precambriasn; Missouri-----=c-cece-c-a- 1 (5) 30:30 6.7 1.06 1.06 6.3 - 7.9
Rhyolite
Precambrian; Missouri---=---=ceeccecn- 1 (5) 30:30 6.6 1.10 1.06 5.3 - 7.9
Sandstone
Sauk sequence; Western United States- 3 (16) 400:400 .77 2.49 1.29 .058 - 8.2
Roubidoux Formation; Missouri-------- 4 (5) 6:12 .43 1.75 1.14 <53 - 1.1
Pope Megagroup;! Kentucky-~-==--=ce-- 5 (16) 120:120 1.6 1.78 1.34 26 - 5.6
Pennsylvanian; Kentucky-~~se-<-c=v==- 5 (16) 152:152 2.5 2.12 1.33 .53 - 8.3
Pennsylvanian; Missouri, Kansas,
and Oklahoma--==-=ccscvecccocccccan 6 (5) 32:32 3.0 2.30 1.14 .53 - 6.9
Chert
Mississippian; Missouri, Oklahoma,
and Arkansas---e--ceecececcce--= wweme 7 (5) 1:20 <.53 -- -- <.53 -~ .53
Shale
Sauk sequence; Western United States- 3 (16) 336:336 7.7 1.61 1.17 1.32 =~ 15.2
Lower Mississippiam; Kemtucky-------- 8 (16) 76:76 5.4 1.49 - 2.0 - 9.2
Upper Mississippian; Kentucky---~==---- 5 (16) 142:142 7.9 1.29 -- 3.3 13
Mississippian; Misseuri, Oklahoma,
and Arkansag-~----cc--- cemeemam- == 7 (5) 18:18 4.4 1.64 1.05 1.6 - 10
Pemnsylvanian; Kemtucky---~~=cccce-- - 5 (16) 152:152 9.2 1.40 1.12 2.4 17
Pennsylvanian; Missouri, Kansas,
and Oklahomg--=-==-c~ecccncee ae=cee 6 (5) 32:32 8.5 1.24 1.05 5.3 - 11
Limestone and dolomite
Sauk sequence; Western United States- 3 (16) 386:392 .45 3.62 1.59 <,021 - 7.2
Sauk sequence; Missouri and Arkamnsas- 4 (5) 16:48 .30 2.19 1.22 <53 - 2.1
Upper Ordoviciam; Keatucky-=~-===~c-=-= 5 (16) 80:80 .84 2.08 1.24 .13 - 3.8
Tippecanoe sequence; Missouri-------- 10 (5) 3:12 <.53 - -- <53 - 1.6
Lower Mississippian; Kentucky--«-~--= 5 (16) 111:112 .62 3.10 1.76 <.0053 - 3.0
Upper Mississippian; Kentucky-------- 5 (16) 139:152 .23 5.39 2.72 <,0053 - 5.1
Mississippian; Missouri, Oklahoma,
and Arkansag-~-----w-==-- memeee- == 7 (5) 9:40 .17 3.52 1.22 <53 - 2.1
Pennsylvanian; Kentucky-=-==<=~-- se=== 5 (16) 80:80 2.0 2.56 1.22 079 - 4.8
Pemnsylvanian; Missouri, Kansas, and
Oklghoma~-=-~vececmaccccecccccncenn 6 (5) 16:32 44 2.50 1.22 <.53 - 3.2
Siderite
Upper Paleozoic; Kentucky-----=<~--- - 11 (16) 30:30 2.8 1.83 -- 44 - 6.1

1 Of Swann and Willman (1961).
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TaBLE 5.—Aluminum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Obsgerved
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (percent) tion (percent)

UNCONSOLIDATED GEOLOGIC DEPOSITS

Carbonate residuum (terra rossa)

On Gasconade Formation; Missouri----« 12 (5) 24:24 7.9 1.33 1.03 4.5 14
On Roubidoux Formation; Missouri-e=-= 12 (5) 24:24 6.6 1.56 1.03 2.1 11
On Jeffersomn City, Cotter, and
Powell Formations; Misgsouri-=--=-=- 12 (5) 24324 8.0 1.24 1.03 5.0 - 13
On Osagean rocks; Missouri~--«---c--- 12 (5) 24:24 9.9 1.20 1.03 7.6 15
On Meramecian rocks; Missouri-e==---- 12 (5) 24:24 10 1.27 1.03 5.1 13
Loess
Missouri-=----ce-ce-ce-- e ceeccercw 13 (5) 24324 5.2 1.10 -- 4.2 - 5.8
SOILS
Cultivated
Plow zone, garden; Georgiae----e--=-- 14 (1) 30:30 0.9 1.88 .- 0.2 - 5
15 (1) 30:30 4.6 1.70 - 1.5 7
Plow zone, corn field; Missouri
Floodplain Foregt=-==-emeccececccan- 17 (5) 8:8 4.0 1.21 1.03 3.1 - 5.2
Glaciated Prairiee==--cccccccnccu.a 17 (5) 10:10 4.8 1.16 1.03 3.7 6.1
Unglaciated Prairie----e-w-- R Rl 17 (5) 10:10 3.4 1.32 1.03 2.0 - 4.8
Oak-hickory Foreste~eec-ecccccccnaaa 17 (5) 10:10 3.9 1.30 1.03 2.2 5.0
Plow zone, soybean field; Missouri
Floodplain Forest==-=--cececcracaca 17 (5) 10:10 4.0 1.25 1.03 2.9 - 5.6
Glaciated Prairie-=-==c-w-- mmemma~ 17 (5) 10:10 5.2 1.08 1.03 4.7 5.8
Unglaciated Prairie--ee<ccceccaan-a 17 (5) 8:8 3.8 1.29 1.03 2.4 - 4.9
Oak-hickory Foregte=-=-ecmccaccccanaa 17 (5) 9:9 3.8 1.23 1.03 2.6 - 5.0
Plow zome, pasture field; Missouri
Floodplain Forest--=~=eweccacececaaa- 17 (5) 10:10 4.2 1.25 1.03 3.0 6.9
Glaciated Prairie----eccccccccceca-a 17 (5) 10:10 4.7 1.11 1.03 3.8 5.7
Unglaciated Prairie~=--eecccn-a e~== 17 (5) 10:10 3.8 1.24 1.03 2.8 - 5.5
Oak-hickory Foregt-=-=e=eccmccaccan 17 (5) 10:10 3.9 1.33 1.03 2.2 - 5.7
Surface horizon; Missouri-=--ec---«-- 16 (5) 1,140:1,140 *4,1 *1.19 *.34 1.1 - 7.9
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana--=---- -—————emew 25 (5) 48348 6.3 1.39 1.25 2 - 10
A horizon; Georgia--e-e-cccccnaacanax 14 (1) 29:30 1.1 2.00 -- .3 - >10
15 (1) 30:30 4.4 1.97 -- .7 - 7
A horizon; Kentucky-~-=+-cecececccnaa 18 (16) 96:96 3.8 1.27 1.02 2.0 - 6.5
19 (16) 108:108 3.2 1.28 1.03 1.6 - 14
B horizomn; Georgiav-ceccocaccccceana. 14 (1) 30:30 1.1 1.86 -- .3 5
15 (1) 30:30 5.7 2.00 - .7 - 7
B horizon; Kentucky=-=«--evcec=cccaaa 18 (16) 96:96 5.9 1.30 1.02 2.8 - 11
B horizon; Missouri
Floodplain Forest===-=ewcec=ereeanaan 20 (5) 50:50 4.5 1.29 1.13 2.6 - 7.9

ALUMINUM
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TABLE 5.—Aluminum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued
Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) tiom (percent)
SOILS -~Cont {nued
Uncultivated --Continued
B horizon; Missouri--Continued
Glaciated Prairie~e-ce--cccncca-ua- 20 (5) 50350 6.5 1.21 1.13 5.7 9.0
Unglaciated Prairie~----=ceca-- --== 20 (5) 50:50 4.7 1.34 1.13 2.1 - 9.0
Cedar Glade-===-- L e L L T L L 20 (5) 50:50 3.2 1.42 1.13 1.6 - 5.8
Oak-hickory Forest--ee--w-eecacece= 20 (5) 50:50 2.7 1.47 1.13 1.1 - 5.3
Oak-hickory-pine Forest=-==e=-wcce- 20 (5) 50:50 2.1 1.63 1.13 .5 - 5.8
C horizon; Georgid-~c-vccaccwcana cme== 14 (1) 30:30 1.7 2.61 -- .3 - 7
C horizon; Kentucky-=-e--ceceecccecenn 18 (16) 96:96 6.1 1.39 1.02 2.5 - 12
Cultivated and uncultivated
Surface horizon; Colorado=-===~e-cece= 22 (5) 168:168 5.7 1.29 1.03 1.3 - 7.6
B horizon; Eastern United States----- 21 (1) 285:307 3.3 2.70 - .7 - >10
B horizon; Western United States----- 21 (1) 399:484 5.4 2,02 - .5 - 210
PLANT ASH
Cultivated plants
Asparagus; Wisconsin--~-cwecccecncena 23 (1) 5:5 0.40 1.55 - 0.3 - 0.7
Bean, lima; Georgia~--=-eecvec-- .————— 14 (1) 30:30 .03 2.43 -- .01 - .2
15 (1) 15:15 .14 3.11 -- .03 - 3
Bean, snap; Georgla---~=weccccemccccas 14 (1) 30:30 .09 2.18 - .015 .5
15 (1) 30:30 .15 2.28 -- .02 - .7
Beet, red; Wisconsine~wecceccucas- === 23 (1) 3:3 .15 2.07 -- .07 .3
Blackeyed pea; Georgia-==emeccmcaccac 14 (D) 29:29 .06 2.03 - 015 - .2
15 (1) 424 .05 1.64 -- .03 .7
Cabbage; Georgid=e=mm=eemmeana c—m—a—- 15 (1) 30:30 4 2.45 -- .05 - 1.5
Cabbage; Wisconsin-e--ccecccncccauaca 23 (1) 11:11 .11 2.22 - .03 - .7
Carrot; Wisconsin--~-- R e e D L 23 (1) 8:8 .15 2.04 -- .07 .7
Corn; Georgia~------wemc-cmceccacccaa 14 (1) 29:29 .07 2,03 -- 015 - .2
15 (1) 30:30 .07 1.99 -- .015 .3
Corn; Missouri
Glaciated Prajirie-~---~-=c---- mm—=== 17 (1) 10:10 .02 1.99 1.75 .005 -~ .05
Unglaciated Prairie---==-=m-caseca-e 17 (1) 10:10 .02 1.99 1.75 .005 - .05
Oak-hickory Forest----cececececcaaa 17 (1) 10:10 .02 1.98 1.75 005 =~ .07
Corn; Wisconsin--==-ec-ceccecaccuecan 23 (1) 27:27 o1 1.57 -—- .03 .15
Cucumber; Wisconsin----c-eccancacecaa 23 (1) 434 .17 3.16 - .03 .3
Onion; Wisconsin--=--c-cccccccanccn-- 23 (1) 7:7 .15 2.40 ~- .07 - .7
Potato; Wisconsin=«---reccecmacaacaa- 23 (1) 10:10 .1 1.69 -- .07 - .3
Soybean; Missouri
Floodplain Forest===-es=ccacenccuax 17 (V) 10:10 .04 2.20 1.75 .005 - .07
Glaciated Prairie~e--cemccccccecn- - 17 (1) 10:10 .05 1.29 1.75 .03 - .07
Unglaciated Prairie--es-w--wececana 17 (1) 8:8 .04 1.51 1.75 02 - .07
Oak-hickory Foreste=s-ec-cccccacea-n 17 (1) 9:9 .06 2.00 1.75 .01 - .1

ALUMINUM
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TABLE 5.—Aluminum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

ALUMINUM

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis (percent) tion (pexcent)
PLANT ASH--Continued
Cultivated plants--Continued
Tomato; Georgid~e-=e-cececcoccnccuea- 14 (1) 30:30 0.07 2.96 -- 0.015 - 0.2
15 (1) 30:30 .04 2.60 - .007 - .15
Native species
Black cherry, stems; Georgia~-=-=e-w- 14 (1) 30:30 .15 2,64 - 01 - 1
15 (1) 30:30 .24 2.26 -- 02 - .
Black cherry, leaves; Georgig-«=-<-e-- 14 (1) 30:30 .23 1.90 - .1l - 1.
15 (1) 30:30 .29 1.94 -- 05 - 1
Blackgum, stems; Georgig----=-ecccea- 14 (1) 30:30 .52 1.69 - .15 1
15 (1) 30:30 .63 1.41 -- .3 1.5
Blackgum, leaves; Georgig----==ee-=u- 14 (1) 30:30 .91 2.12 - .1 2
15 (1) 30:30 1.1 1.58 -- .5 - 3
Buckbush; Missouri
Glaciated Prairie=-=--- LR 20 (1) 47:47 1.3 1.35 1.61 .7 - 2
Unglacjiated Prairie---e-=ccc-acca-o 20 (1) 48:48 1.4 1.44 1.61 .5 5
Cedar Glade-wew--mwcccmccacccncnaa" 20 (1) 50250 1.0 1.46 1.61 .5 - 2
Oak-hickory Forest-=e-=ecccemvccaaa- 20 (1) 49:49 1.2 1.33 1.61 .7 - 2
Oak-hickory-pine Forest---===v-ce-e 20 (1) 41:41 1.0 1.40 1.61 .5 - 2
Cedar; Missouri
Cedar Glade---=cmevcacannccnccncaa. 20 (1) 50:50 .41 2,07 1.61 .15 - 10
Glaciated Prairie-«ce-cecvecacccccaa 24 (1) 9:9 .75 1.75 -- .2 1.
Unglaciated Prairie--=~-=ccecvccacaaa 24 (1) 10:10 .71 1.46 -- .5 - 1.
Cedar Glade---=v-cecrevrececacacaaan 24 (1) 10:10 .35 1.60 -- .2 - .
Oak~hickory Forest-=-e-eseecwacacan 24 (1) 10:10 .47 1.61 - .2 - 1
Oak-hickory-pine Foreste--eeome-e-a 24 (1) 6:6 .32 1.89 -~ .15 - .7
Hickory, pignut; Kentucky-e-<mecccea- 18 (1) 64:64 .72 1.70 1.18 2 7
Hickory, shagbark; Kentucky---=-=cee- 18 (1) 40:40 .73 1.58 1.18 2 2
Hickory, shagbark; Missouri
Oak-hickory Forest-<--eccecccanan-n 20 (1) 19:19 .29 2.27 1.61 .07 - .5
Oak-hickory-pine Forest-e--=ceceec-- 20 (1) 7:7 .36 1.76 1.61 .1 - 1
Maple, red, stems; Georgia-««=eecea-e 14 (1) 30:30 .14 1.67 - .07 - .7
15 (1) 30:30 .17 1.63 - .07 - .5
Maple, red, leaves; Georgig---e=e==a- 14 (1) 30:30 .19 2.44 - 01 - 1.5
15 (1) 30:30 .37 1.92 -- 07 - 1
Oak, black; Kentucky~-==~ve~cmacccaa- 18 (1) 25325 .24 1.55 1.34 .1 - .7
Oak, post; Cedar Glade, Missouri----- 20 (1) 50:50 .26 1.87 1.61 07 - 1
0ak, red; Kentucky-e-e=--eccmccacaaca- 18 (1) 28:28 .27 1.74 1.34 15 « 1.0
Oak, white; Kentucky--====cceeccccaa-a 18 (1) 49:49 .27 1.50 1.34 .10 1.4
Oak, white; Missouri
Oak-hickory Forest~=--escccccceacas 20 (1) 50:50 .19 1.62 1.61 07 - .5
Oak-hickory-pine Forest-e--<--=---- 20 (1) 49:49 .19 1.57 1.61 .1 - 1
Oak, willow; Floodplain Forest,
Missouriv=eweccecccccrcnnacacaccaax 20 (1) 46:46 24 1.90 1.61 07 - 1.5
Persimmon, stems; Georgia---«==eoc--- 14 (L) 30:30 .17 2,07 -- 02 - .7
15 (1) 30:30 .24 1.93 -- .05 -~ .7



GEOCHEMISTRY OF SOME ROCKS, SOILS, AND PLANTS IN THE UNITED STATES F25

TABLE 5. —Aluminum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method ef Ratio Mean Devia- Error range

apalysis rce i (percent)

PLANT ASH--Continued

Native gpecies~-Continued
Pine, shortleaf; Oak-hickory-pine

Forest, Missouri--=--c-cecceecceca. - 20 Q1) 49:49 3.9 1.65 1.61 1.5 - 10
Sassafras, stems; Georgig-=---=-=----- 14 (1) 17:17 .39 2.42 -- .05 - 2
15 (1) 27:27 .37 2.67 -- 05 - 2
Sassafras, leaves; Georgia~-~-~--v--- 14 (1) 17:17 .43 2.26 -- 15 - 2
15 1) 27:27 .63 2.04 -- A5 - 2
Sumac, winged, stems; Georgia----~=--- 14 (1) 30:30 .19 1.73 - 07 - .7
15 (1) 30:30 .23 1.90 -- 07 - 1
Sumac, winged, leaves; Georgia~------- 14 (1) 30:30 .26 1.86 -~ .1 - 1.5
15 (1) 30:30 .51 2.12 - JA5 - 2
Sumac, smooth; Missouri
Floodplain Forest----- R R 20 (1) 48:48 .11 2.55 1.61 .02 - 1
Glaciated Prairie--=-c-~~vcecena ~== 20 (1) 50:50 .13 2.09 1.61 01 - .5
Unglaciated Prairie----<-----cac--- 20 (1) 49:49 .11 2.29 1.61 .02 - 1.5
Cedar Glade----- T LT 20 (1) 49:49 .10 1.92 1.61 .02 - .5
Oak-hickory Forest=--=~~eee~-ccec-- 20 (1) 50:50 .12 2.11 1.61 02 - .7
Oak-hickory-pine Foregt--=~-v~=e-«- 20 (1) 49:49 .13 1.99 1.61 02 - .7
Sweetgum, stems; Georgig---~e=--cac-a 14 Q) 28:28 .20 1.48 -- .1 - 5
15 1) 27:27 .37 1.77 - .15 - 1.5
Sweetgum, leaves; Georgia----- wmmceo= 14 (1) 28:28 .62 1.54 - .2 - 1.5
15 (1) 27:27 .85 1.77 - .1 - 2
Sweetgum; Floodplain Forest, Missouri 20 (1) 47:47 .18 1.85 1.61 05 - .5

TABLE 6.—Antimony in soils

[Explanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentratioms to mumber of samples amalyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure columm indicate mo data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
Cultivated and uncultivated
B horizon; Eastern United States----- 21 (1) 1:362 <150 -- -- <150 - 500

ALUMINUM, ANTIMONY
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TABLE 7.—Arsenic in rocks, unconsolidated geologic deposits, soils, and dry plants

[Explanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element wag
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviationm,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (=--) in
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri«---------- ~==== 1 (6) 29:30 2.9 2.11 1.12 <1 - 19
Rhyolite
Precambrian; Missourie-es-ccccecncca- 1 (6) 28:30 4.7 4,01 1.12 <1 - 300
Sandstone
Roubidoux Formation; Missouri-we--=--= 4 (6) 7:12 1.1 1.57 1.62 <1 - 2,7
Pennsylvanian; Missouri, Kansas,
and Oklahoma===ce-=-caccmcccccnacus 6 (6) 29:32 4.3 2.51 1.62 <1 - 25
Chert
Mississippian; Missouri, Oklahoma,
and Arkansas=----==- cecsmomcncannae 7 (6) 7:20 <1 -- -- <1 -~ 4,3
Shale
Mississippian; Missouri, Oklahoma,
and Arkangas~=-===ccccccccccccaoa -= 7 (6) 18:18 6.4 2,22 1.21 1.7 - 18
Pennsylvanian; Missouri, Kamsas,
and Oklahom@-«==<cceccmrcccaccaaans 6 (6) 32:32 9.0 2.11 1.21 1.4 - 27
Limestone and dolomite
Sauk sequence; Missouri and Arkansas- 4 (6) 28:48 1.2 2.62 1.26 <1 - 17
Tippecanoe sequence; Missouri-e«-=-=--- 10 (6) 3:12 .74 1.53 1.26 <1 - 1.5
Mississippian; Missouri, Oklahoma,
and Arkans@g---s-=scrcececnccncnaee 7 (6) 17:40 .83 2.58 1.26 <1 - 6.3
Pennsylvanian; Missouri, Kansas,
and Oklahoma@-=-e=cwecnceccccnnccaes 6 (6) 27:32 2,5 2.95 1.26 <1 - 39
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (6) 24:24 18 1.36 1.19 11 - 31
On Roubidoux Formation; Missouri----- 12 (6) 24324 15 1.88 1.19 3.7 - 42
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (6) 24:24 19 1.74 1.19 7.9 - 61
On Osagean rocks; Missouri---e-s«=-ee- 12 (6) 24324 21 1.38 1.19 12 - 33
On Meramecian rocks; Missouri-------- 12 (6) 24324 21 1.37 1.19 8.7 - 34
Loess
Missouri-=«e-vcececceccecincencnacaaaa 13 (6) 24324 8.3 1.38 - 3 - 13

ARSENIC
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TABLE 7.—Arsenic in rocks, unconsolidated geologic deposits, soils, and dry plants—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia~  Error range
analysis (ppm) tion (ppm)
SOILS
Cultivated
Plow zone, corn field; Missouri
Floodplain Forest~=--e-cmcmc=ac ~e== 17 (6) 8:8 5.5 1.68 1.10 1.8 - 9.1
Glaciated Prairie~-=-eveccawccecccn 17 (6) 10:10 10 1.32 1.10 7.0 - 14
Unglaciated Prairie~<=~-=-- scce~eae 17 (6) 10:10 10 1.47 1.10 4.8 - 15
Oak-hickory Poresteswewccmcecas ~=== 17 (6) 10:10 8.8 1.23 1.10 6.1 - 14
Plow zone, soybean field; Missouri
Floodplain Forest-e«--s-seccemcacan= 17 (6) 10:10 5.9 1.70 1.10 2,7 - 15
Glaciated Prairie--e=sc-cacwccanuan 17 (6) 10:10 12 1.31 1.10 7.6 =~ 17
Unglaciated Prairie-~vee-c-cceccea. 17 (6) 8:8 11 1.52 1.10 5.5 24
Oak-hickory Porest==sce=cwccceccmcaan 17 (6) 9:9 7.1 1.38 1.10 4.1 - 12
Plow zone, pasture field; Missouri
Floodplain Forest-w=-e--=-ce-cuce- 17 (6) 10:10 6.4 2.25 1.10 1.6 - 36
Glaciated Prairie-~e-cevccocna- w=== 17 (6) 10:10 12 1.63 1.10 7.1 27
Unglaciated Prairie-«==c-ercewcaca- 17 (6) 10:10 9.3 1.41 1.10 5.1 - 14
Oak-hickory Foreste-=-==ecccmccncan 17 (6) 10:10 8.5 1.22 1.10 6.4 13
Surface horizon; Missouri----=--c---- 16 (6) 1,140:1,140 8.7 1.46 1.16 2.5 -~ 72
Uncultivated
B horizon; Missouri ,
Floodplain Forest-=-ee=-es-ea-ccccus 20 (6) 50:50 7.5 2.03 1.21 2.4 -170
Glaciated Prairiec-e-v-ccccc-ronvas 20 (6) 50:50 13 1.27 1.21 7.2 - 20
Unglaciated Prairie----=ce=ccuccau- 20 (6) 50:50 12 1.55 1.21 3.4 - 38
Cedar Glade~====w-eweccccncecncnuac- 20 (6) 50:50 8.4 1.73 1.21 2.6 ~ 22
Ogk-hickory Forest=ee-=-vescencacan 20 (6) 50:50 8.0 1.83 1.21 2.4 - 28
Oak-hickory-pine Forest--==---w-e-x 20 (6) 50:50 6.7 1.67 1.21 2.7 - 44
Cultivated and uncultivated
Surface horizon; Colorado==-ecc==w-u- 22 (6) 168:168 5.4 2.20 1.36 1.2 - 24
B horizon; Eastern United States=-~-- 21 (6) 413:420 5.4 2.24 -- <2 =~ 73
B horizon; Western United Statege--~- 21 (6) 489:490 6.1 1.82 - <.2 - 97
DRY PLANTS
Native species
Buckbush; Oak-hickory Forest,
Missouri=-<==eccmmacccnmenccncnnen. 20 (6) 1:14 <0.25 - - <0.25 - 0.25
Sumac, smooth; Glaciated Prairie,
MigSOUri--~wv-wecccconcnccrccannana 20 (6) 1:9 <.25 -- -- <.25 - 1.5

ARSENIC
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TABLE 8.—Barium in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of columm headings: Study No. refers to study described in text; method of analysis (im

parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.

geometric deviation. Error, geometric error attributed to laboratory procedures.

figure columm indicate no data available]

Ratio, number of samples in which the element was
Mean, geometric mean. Deviation,

Leaders (--) in

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missourie-e-cecaccccaa- 1.(0) 30:30 550 2.57 1.07 50 - 2,000
Rhyolite
Precambrian; Missouri-~s-=-cece-ccc-= 1 Q) 30:30 640 1.98 1.07 200 - 2,000
Arkose
Fountain Formation; Colorado--=~=~=-=-- 2 (2) 80:80 540 2.10 1.17 9 - 6,700
Sandstone
Sauk sequence; Western United States- 3 (2) 397:399 100 2.97 1.25 <10 - 7,500
Roubidoux Formation; Missouri=-=----- 4 (1) 12:12 38 1.92 1.24 10 - 100
Pope Megagroup;® Kentucky=--wec-cccene 5 (2) 120:120 100 1.87 1.26 10 - 340
Pennsylvanian; Kentucky-w~-ee--eccce-c- 5 (2) 152:152 140 2.13 1.20 30 - 1,700
Pennsylvanian; Missouri, Kansas,
and Oklahoma~eescccccrccancnccnccax 6 (1) 32:32 170 2,17 1.24 50 - 700
Chert
Mississippian; Missouri, Oklahoma,
and Arkansag-===-=ce=-- . 7 (L) 20:20 23 1.52 1.24 10 - 50
Shale
Sauk sequence; Western United States- 3 (2) 336:336 510 1.86 1.12 60 - 3,900
Lower Mississippian; Kentucky--«===== 8 (2) 76:76 300 1.68 -- 80 - 1,000
Upper Mississippian; Kentucky-~-=---= 5 (2) 142:142 250 1.46 -- 110 - 1,500
Mississippian; Missouri, Oklahoma,
and Ark8nsag---~-e-scccecmmcmnenacae 7 (1) 18:18 220 2.15 1.26 70 - 700
Pennsylvanian; Kentucky====-v-cccec--- 5 (2) 152:152 410 1.53 1.11 90 - 970
Pennsylvanian; Missouri, Kansas,
and Oklahoma=-=~cevecececce= mewcan 6 (1) 32:32 430 1.48 1.26 200 - 700
Black shale
Devonian and Mississippian; Keatucky- 9 (2) 88:88 510 1.79 1.14 150 - 4,200
Limestone and dolomite .
Sauk sequence; Western United States- 3 (2) 198:392 26 7.40 1.24 <30 - 1,400
Sauk sequence; Missouri and Arkansas- 4 (1) 48:48 9.2 3.48 1.30 1 - 100
Upper Ordovician; Kentuckyee====veeee 5 (1) 80:80 65 3.12 1.71 10 - 3,000
Tippecanoe sequence; Missouri-=eee-=- 10 (1) 10:12 5.6 5.04 1.30 <1l - 70
Lower Mississippian; Kentucky--=«=-=- 5 (1) 112:112 54 2.59 1.24 10 - 300
Upper Mississippian; Kentucky==e-===~ 5 (1) 152:152 29 2.32 1.34 5 - 300
Pemnsylvanian; Kentucky-==-=-«=e-ce-- 5 (1) 80:80 160 1.99 1.24 30 - 500
Pennsylvanian; Missouri, Kansas, and
Oklahoma==e~=-=crecccccvaccnnacacs 6 (1) 32:32 44 3.01 1.30 10 - 500
—

Of Swann and Willman (1961).
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TABLE 8.—Barium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

F29

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia-  Error range
analysis (ppm) tion _ (ppm)
ROCKS-~Cont inued
Siderite
Upper Paleozoic; Kentuckye=ewwe-=ncaa 11 (1) 30:30 160 1.50 -- 70 - 300
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rosss)
On Gasconade Formation; Missouri-~--- 12 (1) 24:24 140 1.30 1.19 70 - 200
On Roubidoux Formation; Missouri----- 12 (1) 24:24 170 1.38 1.19 70 - 300
On Jefferson City, Cotter, and
Powell Formations; Missouri and
Arkansag--- L Rt LT L 12 (1) 24:24 190 1.37 1.19 100 - 500
On Osagean rocks: Missourie=eecccccu= 12 (1) 24324 150 1.39 1.19 100 - 300
On Meramecian rocks; Missourj=e=-~---- 12 (1) 24:24 170 1.24 1.19 100 - 300
Loess
Missouri-«-=ee--- meecccncee s cnen 13 (1) 24:24 840 1.30 -- 500 - 1,000
SOILS
Cultivated
Plow zone, garden; Georgia---e-e-ve-- 14 (1) 30:30 63 1.42 - 30 - 150
15 (1) 30:30 250 1.52 -~ 100 - 500
Plow zome, corn field; Missouri
Floodplain Forest=eeec=scececccnnceas 17 (1) 8:8 800 1.20 1.14 700 - 1,000
Glaciated Prairie~-e-~-m-eccaceccca- 17 (1) 10:10 810 1.28 1.14 500 - 1,000
Unglaciated Prairieevee=-caccccecas 17 () 10:10 600 1.39 1.14 300 - 1,000
Oak-hickory Foregte--e-eecceccnac=x 17 (1) 10:10 700 1.26 1.14 500 - 1,000
Plow zone, soybean field; Missouri
Floodplain Forest---eccecccccccan -~ 17 (1) 10:10 630 1.26 1.14 500 - 1,000
Glaciated Prairie~-=-eecec-c. comaman 17 (1) 10:10 700 1.26 1.14 500 - 1,000
Unglaciated Prairie~-=---cec-ce- --= 17 (1) 8:8 650 1.28 1.14 500 - 1,000
Oak-hickory Forestes--cmecenceccaa-= 17 (1) 9:9 640 1.51 1.14 300 - 1,000
Plow zone, pasture field; Missouri
Floodplain Foreste-cecec<a<ea- —ee=e 17 (1) 10:10 700 1.18 1.14 500 - 1,000
Glaciated Prairie-==c-veccceccmcana- 17 (1) 10:10 780 1.33 1.14 500 - 1,000
Unglaciated Prairie------ e -- 17 (1) 10:10 670 1.46 1.14 300 - 1,000
Oak-hickory Forestes~==vececan=w = 17 (1) 10:10 590 1.58 1.14 300 - 1,000
Surface horizon; Missouri---<-ce---=- 16 (1) 1,140:1,140 580 1.46 1.28 100 - 1,500
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montange-«--ececceccnaea 25 (1) 48:48 740 1.36 1.29 500 - 3,000
A horizon; Georgia~--ee-cec--a cmecnmee 14 (1) 30:30 100 1.73 -- 50 - 500
15 (1) 30:30 290 1.85 -- 70 - 1,500
A horizon; Kentucky-~=-=cececcccmacaces 18 (2) 96:96 296 1.46 1.09 90 - 520
19 (2) 108:108 350 1.47 1.04 110 - 740
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TABLE 8.—Barium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. amd Observed
Sample, and collection locality method of Ratio Mean Devia-  Error range
analysis (ppm) tion (ppm)
SOILS -~Cont inued
Uncultivated --Cont inued
B horizon; Georgiade~--com-ceccaccnnas 14 (1) 30:30 86 1.68 -- 50 - 300
15 (1) 30:30 270 2.00 - 30 - 700
B horizon; Kentucky--==een-ceccececas 18 (2) 96:96 300 1.41 1.09 110 - 690
B horizon; Missouri
Floodplain Forest-=~=eceeccercaraa= - 20 (1) 50:50 660 1.43 1.30 300 - 5,000
Glaciated Prairie-~-e-e---- comenm=a 20 (1) 50:50 560 1.46 1.30 200 - 1,000
Unglaciated Prairie~eececveccccaccna 20 (1) 50:50 490 1.58 1.30 200 - 1,000
Cedar Glade~»==veccuccnccccnccnaan= 20 (1) 50:50 250 1.61 1.30 100 - 700
Oak-hickory Foreste-ee-eccacccanaax 20 (1) 50:50 390 1.78 1.30 100 - 1,000
Oak-hickory-pine Forest--eec-ccca-«a 20 (1) 50:50 340 1.96 1.30 70 - 1,500
C horizon; Georgid-=--w-cmeccaccnceca~ 14 (1) 30:30 94 1.83 -- 50 - 500
15 (1) 30:30 290 1.77 - 70 - 700
C horizon; Kentucky==«-«=-=- cecscene 18 (2) 96:96 250 1.54 1.09 80 - 640
Cultivated and uncultivated
Surface horizon; Colorado=-==-=-=e=a= 22 (1) 168:168 550 1.71 1.26 150 - 1,500
B horizon; Eastern United Statege---- 21 (1) 371:371 300 2.19 - 15 - 1,000
B horizon; Western United Stateg~---- 21 (1) 492:492 560 1.80 - 70 = 5,000
PLANT ASH
Cultivated plants
Asparagus; Wisconsine~---- T 23 (1) 5:5 290 1.86 -- 100 - 700
Bean, lima; Georgila-~-e=rececwccaaa -~= 14 (1) 30:30 100 2.14 - 50 - 300
15 1) 15:15 190 2,67 -- 20 - 200
Bean, snap; Georgid---ec-cewoc~accacas 14 (1) 30:30 170 2.73 - 70 - 300
Beet, red; Wisconsinee---cec-scccceqn 23 (1) 434 360 1.34 - 300 - 500
Blackeyed pea; Georgia-«eecececcanacan 14 (D) 29:29 130 2,06 - 70 - 500
Cabbage; Georgia-=-ececcucomcnccaacans 14 (1) 28:28 320 2.95 - 30 - 500
15 (1) 30:30 450 1.67 - 200 - 1,500
Cabbage; Wisconsin----=-e-=o=-- e 23 1) 11:11 160 1.69 .- 50 - 300
Carrot; Wiscomsinee=-woccwccvcaccaca- 23 (1) 8:8 320 2.56 -—- 50 - 1,000
Corn; Georgia==vo-ecew- L L L 14 (1) 29:29 54 2.37 - 10 - 300
15 (1) 30:30 47 2,12 - 10 - 200
Corn; Missouri
Floodplain Forest--=«=---accen--- -== 17 (1) 8:8 21 2.55 1.26 5 - 100
Glaciated Prairie~~=-escc-cccucan-- 17 (1) 10:10 15 1.88 1.26 7 - 50
Unglaciated Prairie~--e-«m-vecacaca 17 (1) 10:10 16 1.92 1.26 5 - 50
Oak-hickory Foreste=-eecceccccaneaun 17 (1) 10:10 21 2.82 1.26 5 - 70
Corn; WisconsSin-~--=--eeccovcanconaa- 23 (1) 27:27 32 2.10 - 10 - 150
Cucumber; Wisconsin~~-e~ecccwcccaac--a 23 (1) 4:4 140 2.00 - 50 - 200
Onion; WisconSin---<-=ccwcccacanacaa. 23 (1) 7:7 200 1.62 - 100 - 500
Pepper, sweet; Wisconsin--«---cece--- 23 (1) 424 62 1.67 - 30 - 100
Potato; Wisconsine=w-===ccececccccaaa- 23 (1) 10:10 120 2.79 -- 30 - 700
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TaBLE 8.—Barium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued
Study
No. and Observed
Sample, and collection locality method of Ratio  Mean Devia- Error range
analysis (ppm) tion (ppm)
PLANT ASH--Continued
Cultivated plants--Continued
Soybean; Missouri
Floodplain Forest=---escemecmenccan- 17 (L) 10:10 440 2.33 1.26 100 - 1,500
Glaciated Prairie-=-----cmcccaacua- 17 (1) 10:10 220 2.43 1.26 30 - 500
Unglaciated Prairie-e-cc-ceccocacan 17 (1) 8:8 290 2,18 1.26 70 - 700
Oak-hickory Forest-=-ceecce-canacen 17 (1) 9:9 230 1.82 1.26 150 - 1,000
Tomato; Georgilawe---e--cacccccucanaaxn 14 (1) 30:30 60 2,43 .- 7 - 300
15 (1) 30:30 38 1.80 -- 15 150
Native species
Black cherry, stems; Georgia--~-w=-=-- 14 (1) 30:30 3,600 2.93 -- 300 - 10,000
15 (1) 30:30 3,000 3.12 -- 300 - 15,000
Black cherry, leaves; Georgia==-=---- 14 (1) 30:30 2,400 2.50 - 50 7,000
15 (1) 30:30 2,100 2.80 -- 200 - 10,000
Blackgum, stems; Georgif=---=--c-cw-- 14 (1) 30:30 7,200 2.18 - 200 - 15,000
15 (1) 30:30 9,800 1.67 -- 1,500 - 20,000
Blackgum, leaves; Georgige<-e--rowa-a 14 (1) 30:30 2,800 2.54 - 50 - 7,000
15 (1) 30:30 4,100 1.73 -- 1,000 - 10,000
Buckbush; Missouri
Glaciated Prairieces--ceccecccaraaa 20 (1) 47:47 2,700 1.52 1.49 1,000 - 5,000
Unglaciated Prairie~-e-c~cecccccn-- 20 (1) 48:48 2,500 1.48 1.49 1,000 - 7,000
Cedar Glades==s--c-ceccvcmnncnucen" 20 (1) 50:50 1,200 1.84 1.49 300 - 7,000
Oak-hickory Foreste==-ewse~em-ce=es 20 (1) 49:49 3,800 1.63 1.49 1,500 - 10,000
Oak-hickory-pine Forest=e--=c-wee- -- 20 (1) 41:41 4,500 1.87 1.49 2,000 - 30,000
Cedar; Missouri
Cedar Glade~v====~ e 20 (1) 49:49 320 2.50 1.49 100 - 7,000
Glaciated Prairie-es=eccu-- et 24 (1) 9:9 2,000 1.63 -- 1,000 - 5,000
Unglaciated Prajrie-~-wecccccenacann 24 (1) 10:10 2,900 2,09 -- 700 - 7,000
Cedar Glade-m=-=-evececcne- - —————— 24 (1) 10:10 370 2.50 -- 200 - 3,000
Oak-hickory Foreste==-v-ceccececcncax 24 (1) 10:10 3,800 2.04 -- 1,500 - 10,000
Oak-hickory-pine Forestw-e--==w«e-aa 24 (1) 6:6 4,100 1.44 - 3,000 - 7,000
Hickory, pignut; Kentuckye=e-w=ecw-v-e 18 (1) 64:64 11,000 1.40 1.14 7,000 - 20,000
Hickory, shagbark; Kentucky--==~ee«-- 18 (1) 40:40 9,300 1.65 1.14 2,000 - 20,000
Hickory, shagbark; Missouri
Oak-hickory Forest==-=ewe-ce-cce-~= 20 (1) 19:19 7,700 2.38 1.49 500 - 20,000
Maple, red, stems; Georgif--w-=<cw=-- 14 (1) 30:30 3,500 2,82 -- 50 - 15,000
15 (1) 30:30 3,600 2.17 -- 300 - 10,000
Maple, red, leaves; Georgid-=-=c=-w-- 14 (1) 30:30 1,400 2.73 - 70 - 5,000
15 (1) 30:30 1,300 2,02 -- 300 - 7,000
Oak, black; Kentucky====--ewcwe-a ---= 18 (1) 25:25 3,500 1.56 1.21 1,500 - 7,000
19 (2) 21:22 4,300 2,03 1.06 840 - >10,000
Oak, post; Cedar Glade, Missouri----- 20 (1) 50:50 660 2.31 1.49 100 - 5,000
Oak, red; Kentucky==-==--=ccececcec=w- 18 (1) 28:28 4,700 1.70 1.21 500 - 10,000
19 (2) 8:8 5,300 1.75 1.06 1,700 - 10,000
Oak, white; Kentucky==-==cesccecan-as 18 (1) 49:49 5,500 1.43 1.21 2,000 - 15,000
19 (2) 73:75 5,500 1.63 1.06 890 - >10,000
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TABLE 8.—Barium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia-  Error range

analysis (ppm) tion (ppm)

PLANT ASH--Cont{nued

Native species--Continued
Oak, white; Missouri

Oak~hickory Foreste~ecemvenccnwanan 20 (1) 50:50 4,200 1.58 1.49 1,000 - 10,000
Oak-hickory-pine Forest-=e-=e=ce-a= 20 (1) 49:49 5,000 1.44 1.49 3,000 - 15,000
Oak, willow; Floodplain Porest,
Missouri--~eececcceccnccccnacccacas 20 (1) 46:46 2,700 1.57 1.49 1,000 - 5,000
Persimmon, stems; Georgiae-~-=~== “==e 14 (1) 30:30 2,500 2.29 -- 150 - 10,000
15 (1) 30:30 1,900 2,40 .- 500 - 20,000
Persimmon, leaves; Georgia----- —————— 14 (1) 30:30 970 2.09 - 70 - 3,000
15 (1) 30:30 710 2.57 -- 3 - 7,000
Pine, shortleaf; Oak-hickory-pine
Porest, Missouri~eeeee=--cscecmaceca~ 20 (1) 49:49 1,100 1.79 1.49 300 - 5,000
Sassafras, stems; Georgia~-~cec--cn-- 14 (1) 17:17 3,000 2.26 -- 700 - 10,000
15 (L) 27:27 2,600 2,37 .- 500 - 10,000
Sassafras, leaves; Georgia-~-=«-va-- - 14 (1) 17:17 800 1.99 -- 300 - 3,000
15 (1) 27:27 710 1.76 .- 300 - 2,000
Sumac, winged, stems; Georgia-e--=~-«- 14 (1) 30:30 4,500 1.97 -— 700 - 15,000
15 (1) 30:30 3,200 2,60 - 300 - 10,000
Sumac, winged, leaves; Georgiae--=e-- 14 Q1) 30:30 1,900 1.84 - 700 - 7,000
15 (1) 30:30 1,300 2.42 -- 300 - 7,000
Sumac, smooth; Missouri
Floodplain Forest-===cw=evcceccae== 20 (1) 48:48 3,500 1.84 1.49 1,500 - 10,000
Glaciated Prairie«--ececcvacavcacea 20 (1) 50:50 2,600 1.60 1.49 700 - 7,000
Unglaciated Prairie--~cecccecmae-aca 20 (1) 49:49 2,600 1.78 1.49 700 - 10,000
Cedar Glade-~=wom==cenca- cmemecn—- - 20 (1) 49:49 270 2.35 1.49 70 - 3,000
Oak-hickory Forest==-=-- o == 20 (1) 50:50 3,400 2.33 1.49 200 - 10,000
Oak-hickory-pine Forest-=e=ee-ece-n 20 (1) 49:49 4,500 2,00 1.49 1,000 - 50,000
Sweetgum, stems; Georgia-=e--ec-e-we- 14 (1) 28:28 2,500 1.99 -- 700 - 7,000
15 (1) 27:27 2,800 2.03 -- 1,000 - 10,000
Sweetgum, leaves; Georgiae=--e-~-- ~ee= 14 (1) 28:28 1,400 1.99 - 300 - 5,000
15 (1) 27:27 1,300 2.39 -- 300 - 7,000
Sweetgum, Floodplain Porest, Missouri 20 (1) 47:47 2,000 1.61 1.49 500 - 5,000
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TasLE 9.—Beryllium in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri=e=e-cecec-ceees 1 (1) 29:30 2.0 1.48 1.20 <1 - 3
Rhyolite
Precambrian; Missouriee=-c<secacca-a- 1 (1) 25:30 1.5 1.54 1.20 <1 - 3
Sandstone
Sauk sequence; Western United States- 3 (2) 38:400 <1 -- .- <1 =-12
Pennsylvanian; Missouri, Kansas,
and Oklahom@e===cecccscmncacvenmanaa 6§ (1) 1432 .80 1.77 - <1 =~ 1.5
Shale
Upper Mississippian; Kentucky=~-=-~--- 5 (2) 1:142 <5 - - < -5
Mississippian; Missouri, Oklahoma,
and Arkansasg---e----cseccececcccece-= 7 (1) 12:18 1.1 1.64 1.27 <1 3
Pennsylvanian; Kentucky---e=«scre=cea- 5 (2) 2:152 <5 - .- <5 5
Pennsylvanian; Missouri, Kansas,
and Oklahoma-=ese=cceccccccccnncan- 6 (1) 31:32 1.7 1.44 1.27 <t - 3
Limestone and dolomite
Upper Ordovician; Kentucky--~-=ee==e=e 5 (1) 1:80 <5 - -- <5 5
Upper Mississippian; Kentuckye-===-«= 5 (1) 1:152 <2 -- -- L - 2
Pennsylvanian; Kentucky==-eesecewce~ea 5 (1) 4:80 <2 - - <2 =10
Pennsylvanian; Missouri, Kansas,
and Oklahom@=-===e-r-eccccccvcnncme= 6§ (1) 1:32 <1 -- -- <1 -1
Siderite
Upper Paleozoic; Kentucky-e-«=-===-w- 11 (1) 13:30 1.7 1.29 - < - 3
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (1) 15:24 <1 - - <1 =- 5
On Roubidoux Formation; Missouri----- 12 (1) 12:24 <1 - - <1 - 2
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (1) 19:24 1.0 1.19 1.16 <FL - 2
On Osagean rocks; Missouri««-<ecee-a- 12 (1) 15:24 1.1 1.30 1.16 <1 - 3
On Meramecian rocks; Missouri--=e--== 12 (1) 22:24 1.7 1.23 1.16 <F - 3
Loess
Missouri--eeeerecccnccoccacaccnccen-= 13 (1) 18:24 .95 1.22 -- <1 - 1.5
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TABLE 9.—Beryllium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Obsgerved
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
SOILS
Cultivated
Plow zone, garden; Georgide-e=-ecm=-=a 15 (1) 2:30 <1.5 -- - <1.5 - 5
Plow zone, corn field; Missouri
Glaciated Prairie-==-=-~- LT 17 (1) 4:10 1.2 1.26 - <1.5 - 1.5
Unglaciated Prairie~-=ewce=vccce-ce 17 (1) 3:10 1.1 1.31 - <l.5 - 1.5
Oak-hickory Forest--«eeecccccauaac= 17 (1) 2:10 <l.5 -- - <l.5 - 1.5
Plow zone, soybean field; Missouri
Floodplain Forest==----ee-eececcecaes 17 (1) 1:10 <l.5 -- -- <l.5 1.5
Glaciated Prairie----ecwe-- e————— 17 (1) 4:10 1.2 1.26 - <L.5 1.5
Unglaciated Prairje-~«-ececsccaccas 17 (1) 2:8 1.0 1.34 -- <i.5 - 1.5
Oak-hickory Forest-=-~wwecaca- .- 17 (1) 1:9 <1.5 - - <1.5 - 1.5
Plow zone, pasture field; Missouri
Glaciated Prairieewe==cecceacacaca- 17 (1) 3:10 1.1 1.31 -- <L.5 - 1.5
Unglaciated Prairie~--ceeccacccce-a 17 (1) 1:10 <1.5 - -- <1.5 - 1.5
Oak-hickory Forestee-=s-ccuccaccaan 17 (1) 1:10 <1.5 - -- <L.5 - 1.5
Surface horizon; Missouri-re-ececee-- 16 (1) 520:1,140 .8 1.43 1.16 <1 - 2
Uncultivated
A horizon; Georgia--se-cceccccanencea 14 (1) 1:30 <1 -- -—- <1 =~ 1.5
15 (1) 1:30 Q - -- <1 - 1.5
A horizon; Kentucky=-=ee-ecemcccecaa- 18 (2) 10:96 <2 - - 2L - 2
B horizom; Kentucky=-e----- S 18 (2) 13:96 < -- - <2 - 3
B horizon; Missouri
Floodplain Forest--==<-«« LS LT 20 (1) 33:50 .99 1.46 - <1 - 2
Glaciated Prairiee=-=-- LEL L et 20 (1) 46:50 1.2 1.29 - <1 - 2
Unglaciated Prairie-~e-ec-=w ~emesn== 20 (1) 47:50 1.3 1.27 -- <t - 2
Cedar Glade-~~===-emceracmcccancoan 20 (1) 27:50 .88 1.47 -- <1 - 1.5
Oak-hickory Forest-===sc=caceccaca- 20 (1) 20:50 .76 1.42 -- <t - 1.5
Oak-hickory-pine Forest-=--eecec=c=- 20 (1) 21:50 .77 1.47 -- <1 - 1.5
C horizon; Georgigee=sccmcac-o meeemwe 14 (1) 1:30 <1 -- - <1 =~ 1.5
15 (1) 1:30 <1l -- - <1 - 1.5
C horizon; Kentucky===-=-- e mmecneen 18 (2) 18:96 <2 - - < - 3
Cultivated and uncultivated
Surface horizon; Colorado~===we-~-ua. 22 (1) 115:168 1.4 1.52 1.16 <1.5 - 7
B horizon; Eastern United States----- 21 (1) 121:371 .6 2.53 -- <L - 7
B horizon; Western United States----- 21 (1) 166:492 .6 2,47 -- <1 - 7
PLANT ASH
Native species
Hickory, pignut; Kentucky=--e=ve-ee-c- 19 (2) 11:88 <4 -- - <4 6
Hickory, shagbark; Kentucky-e-=-c-=-- 18 (1) 11:40 .64 4.47 -- < 7
19 (2) 2:20 <4 - - <4 - 6
Hickory, shagbark; Missouri
Oak-hickory Forest-~==---ceceacecan 20 (1) 3:19 <2 -- -- <2 2
Oak-hickory-pine Forest-~==-meameca- 20 (1) 4:7 2.0 2.18 - < 7
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TAaBLE 9.—Beryllium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
PLANT ASH--Continued
Native species--Continued
Oak, black; Kentucky~===cceencccwensa 19 (2) 2:22 <4 - -- <4 - 5
Oak, red; Kentucky--e-==c-cececcce-c.c 18 (1) 1:27 < -- -- <L - 2
Oak, white; Kentuckye==-ec=eccac-c--« - 19 (2) 9:73 <4 -- - <4 = 5

TABLE 10.—Bismuth in soils

Study No. refers to study described in text; method of analysis (in
Ratio, number of samples in which the element was
Mean, geometric mean. Deviatiom,
Leaders (--) in

[Explanation of column headings:
parentheses) refers to method listed in table 1.
found in measurable concentrations to mumber of samples analyzed.
geometric deviation. Error, geometric error attributed to laboratory procedures.
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
Cultivated and uncultivated
B horizon; Western United States=---- 21 (1) 2:492 <10 -- -- <10 - 15

TaBLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash

[Bxplanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) im
figure columm indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri=-e-eecececccee=s 1 (1) 5:30 <20 - -- <20 - 20
Rhyolite
Precambrian; Missouriee«~ee-ces-c-cec-o 1 (1) 6:30 <20 - - <20 - 30
Arkose
Fountain Formation; Colorado=<===-=e«- 2 (2) 22:80 3.2 3.46 - <7 - 68

BERYLLIUM,

BISMUTH, BORON
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TABLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued
Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia~- Error range
analysis (ppm) tion (ppm) _
ROCKS -=Cont {nued
Sandstone
Roubidoux Formation; Missouri--e==-e=-- 4 (1) 6:12 18 1.78 1.40 <20 =~ 50
Pope Megagroup;' Kentucky-==---ececes 5 (2) 57:120 18 1.70 1.42 <20 - 54
Pennsylvanian; Kentucky~eser==cscae-s 5 (2) 86:152 20 1.72 1.54 <20 - 90
Pennsylvanian; Missouri, Kansas, and
Oklahomi=~cecvcmosccnamane comcam=ase 6 (1) 26:32 36 2,00 1.40 <20 - 70
Chert
Mississippian; Missouri, Oklahoma,
and Arkansage=--w-eec-c= —emmscnnan -= 7 (1) 18:20 39 1.80 1.40 <20 - 70
Shale
Sauk sequence; Western United States- 3 (2) 216:336 43 2,41 1.15 <30 - 220
Lower Mississippian; Kentucky--e«----- § (2) 60:76 66 2,06 - <33 - 150
Upper Mississippian; Kentucky-=====-- 5 (2) 130:142 68 1.61 - <30 - 170
Mississippian; Missouri, Oklahoma,
and Arkansag---~-se-e=e seomsmncanas 7 (1) 18:18 64 1.73 1.73 20 - 150
Pennsylvanian; Kentucky--=-=e-==e- =-== 5 (2) 149:152 56 1.39 1.20 <30 - 160
Pennsylvanian; Missouri, Kansas, and
Oklahomll====e=mrcnrecnnamncneccncse § (1) 32:32 72 1.34 1.73 50 - 150
Black shale
Devonian and Mississippian; Kemtucky- 9 (2) 87:88 110 1.28 1.09 <30 - 190
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 16:392 <46 .- - <46 - 130
Upper Ordovician; Kentucky=---- —me—— 5 (1) 25:80 31 1.58 -- <50 - 100
Tippecanoe sequence; Missouri----c--- 10 (1) 1:12 <20 - - <20 =~ 20
Lower Mississippian; Kentucky--«-==-= 5 (1) 32:112 29 1.66 - <50 - 100
Upper Mississippian; Kemtucky==-«===- 5 (1) 15:152 <50 - -- <50 - 100
Mississippian; Missouri, Oklahoma,
and Arkansag-e=e=e=-s-mececsecceceeen 7 (L) 2:40 <20 - - <0 - 300
Pennsylvanian; Kentucky===~-sceaswwe. 5 (1) 18:80 <50 - - <50 - 100
Pennsylvanian; Missouri, Kansas, and
Oklahoma~e=e=meeveoa= mmmm———— e 6 (1) 1:32 <20 - -- <20 - 20
Siderite
Upper Paleozoic; Kentucky---e-csez-w- - 11 (1) 3:30 <50 - -- <50 - 50
UNCONSOLIDATED GEQLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri------ 12 (1) 8:24 22 1.09 1.05 <20 - 20
On Roubidoux Formation; Missouri-----« 12 (1) 8:24 22 1.09 1.05 <20 - 20
On Jeffersom City, Cotter, and Powell
Formations; Missouri and Arkansas--- 12 (1) 16:24 21 1.05 1.05 <20 =~ 20
On Osagean rocks; Missouri-e=ccecacaa- 12 (1) 2:24 <20 - -- <20 - 20
On Meramecian rocks; Missourie~=-«- === 12 (1) 5:24 <20 -- -- <20 - 30

1 Of Swann and Willman (1961).

BORON
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TaBLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia-  Errxor range

analysis (ppm)_ tion (ppm)

UNCONSOLIDATED GEOLOGIC DEPOSITS--Continued

Loess
MisSSOUris==cesevececcecmcmnmccmceanan 13 (1) 24:24 35 1.46 - 30 - 70
SOILS
Cultivated
Plow zone, garden; Georgia-=eww=eec-e=- 14 (1) 15:30 25 1.91 -~ <30 - 100
15 (1) 17:30 31 2,47 - <30 - 150
Plow zone, corn field; Missouri
Glaciated Prairieseesmcecmccaea e===a= 17 (1) 9:10 25 1.53 1.51 <20 - 50
Unglaciated Prajirie~=-ee~cocaccnanc 17 (1) 10:10 29 1.52 1.51 20 - 50
Oak-hickory Forest-=esmeeecceccacan 17 (1) 10:10 41 1.39 1.51 20 - 50
Plow zone, soybean field; Missouri
Floodplain Foreste-sme~=ccacaas === 17 (1) 8:10 21 1.46 1.51 <20 - 50
Glaciated Prajrie---ecoe=ce-= m————— - 17 (1) 10:10 29 1.52 1.51 20 - 50
Unglaciated Prairie----c-ececcccca--" 17 (1) 8:8 31 1.53 1.51 20 - 50
Oak-hickory Forest=-=-s=eceeccceccaca 17 (1) 8:9 27 1.54 1.51 <20 = 50
Plow zone, pasture field; Missouri
Floodplain Foreste--mceecscocmmmmacs 17 1) 7:10 21 1.56 1.51 <20 - 50
Glaciated Prairie-v-es-eeaccoccamacs 17 (1) 9:10 28 1.60 1.51 <20 - 50
Unglaciated Prairie~==emerceccccca- 17 (1) 10:10 36 1.47 1.51 20 - 50
Oak-hickory Foreste=mremccaceancen= 17 (1) 10:10 26 1.46 1.51 20 - 50
Surface horizon; Missourie==e-s--ce=-- 16 (1) 1,113:1,140 31 1.34 1.46 <20 - 700
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana---=====-- cemm—— 25 (1) 44:48 29 1.54 1.23 <20 - 70
A horizon; Georgia- ———- --= 14 (1) 10:30 18 2.55 - <30 - 100
15 (1) 13:30 22 3.08 -- <30 - 150
A horizon; Kentucky--e--mwe=-c-oe- --== 18 (2) 87:96 45 1.46 - <20 - 78
19 (2) 107:108 63 1.26 1.16 <30 - 90
B horizon; Georgigar==werecccceccecan - 14 (1) 10:30 20 1.85 - <30 - 50
15 (1) 14:30 25 2.87 .- <30 - 150
B horizon; Kentucky=~-eev=cccenccenaa 18 (2) 89:96 39 1.49 - <20 - 130
B horizon; Missouri
Floodplain Forest---==v-ecccevcec-a 20 (1) 46:50 29 1.44 1.31 <20 - 50
Glaciated Prairie--e-<ccececccccnmas 20 (1) 49:50 33 1.38 1.31 <20 70
Unglacjated Prairie~=--- L L 20 (1) 50:50 35 1.40 1.31 20 - 70
Cedar Gladewew~ceccacvcnmcnanncnaaa 20 (1) 43:50 27 1.48 1.31 <20 - 50
Oak-hickory Forestescsesceccecnccee= 20 (1) 49:50 39 1.41 1.31 <20 - 70
Oak-hickory-pine Forest=-=--=ew=-- == 20 (1) 49:50 32 1.43 1.31 <20 - 50
C horizon; Georgla~e-s-ceccmacccccua" 14 (1) 9:30 18 2.03 - <30 - 70
15 (1) 12:30 20 2,9 - <30 - 200
C horizon; Kentucky~-=-ecwwceccc=e wem=e 18 (2) 79:96 34 1.72 - <20 - 140

BORON
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TaBLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
SOILS--Cont inued
Cultivated and uncultivated
Surface horizon; Colorado-~==--=cec-x 22 (1) 70:168 <20 .- -- <20 - 70
B horizon; Eastern United Stateg----- 21 (1) 295:371 32 1.92 - <10 - 150
B horizon; Western United Stateg~=-=-- 21 (1) 303:492 22 2,09 -- <10 - 300
PLANT ASH
Cultivated plants
Asparagus; Wisconsin---~c-e-vccceac-- 23 (1) 5:5 540 1.73 -- 200 - 1,000
Bean, lima; Georgia----=ceeccrccccnan 14 (1) 30:30 94 1.54 -- 50 - 300
15 (1) 15:15 70 1.75 -- 20 - 200
Bean, snap; Georgia-=-==-==-- ——ecaaa 14 (L) 30:30 160 1.53 -- 70 - 300
15 (1) 30:30 140 1.30 -- 70 - 200
Beet, red; Wisconsin---secececcccenaa 23 (1) 1:3 44 1.96 - <30 - 70
Blackeyed pea; Georgif--~=-cevcavcaas 14 (1) 29:29 220 1.54 -- 70 - 500
15 (1) 4:4 140 1.22 -- 100 - 150
Cabbage; Georgia~==«=== T 14 (1) 27:28 83 1.72 -- <30 - 300
15 (1) 25:30 53 2,29 - <30 - 300
Cabbage; Wisconsin-=-=erececccmcccnas 23 (1) 11:11 110 1.29 - 70 - 150
Carrot; Wisconsin---=e-ceecececaa- -== 23 (1) 7:8 62 1.80 - <30 - 100
Corn; Georgia=~---=-crcromcnccuccacen= 14 (1) 26:29 56 1.78 -- <30 - 150
15 (1) 22:30 37 2,25 -- <30 - 150
Corn; Missouri
Floodplain Forest-~=-eececacccccaaa 17 (1) 8:8 62 1.29 1.32 50 - 100
Glaciated Prairie----e-ceccccecnana 17 (1) 10:10 68 1.29 1.32 50 - 100
Unglaciated Prajrie~w--eececca-. .- 17 (1) 10:10 59 1.19 1.32 50 - 70
Oak-hickory Foreste~eeccccccncncace 17 (L) 10:10 68 1.35 1.32 50 - 100
Corn; Wisconsin---e=-cmcccoccmccanans 23 (1) 19:27 37 1.76 -- <30 - 100
Onion; Wiscongin-~-~==ececrcecccccacacan 23 (1) 7:7 120 1.51 -~ 70 - 200
Pepper, sweet; Wisconsin=ese-==caceces 23 (1) 4:4 64 1.18 - 50 - 70
Potato; Wiscomsine-eveccomcceccnccca- 23 (1) 6:10 37 2,27 - <30 - 100
Soybean; Missouri
Floodplain Forest~~=-w-ew-wccace~a - 17 (1) 10:10 170 1.34 1.32 100 - 200
Glaciated Prairie--«-- B 17 (1) 10:10 220 1.26 1.32 150 - 300
Unglaciated Prairie-e--cceccacnacea 17 (1) 8:8 210 1.44 1.32 100 - 300
Oak-hickory Foreste-ececesemcccanes 17 (1) 9:9 240 1.36 1.32 150 - 300
Tomato; Georgia---ee-vocrnmannccas -== 14 (1) 27:30 56 1.73 -- <20 - 150
15 (1) 24:30 38 1.88 -- <20 - 70
Native species
Black cherry, stems; Georgia----e-=-= 14 (1) 30:30 360 1.75 -- 50 - 1,000
15 (1) 30:30 340 1.48 -- 150 -« 700
Black cherry, leaves; Georgia=-=~----- 14 (1) 30:30 290 1.43 -- 70 - 500
15 (1) 30:30 230 1.27 - 150 - 300

BORON
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TaBLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

F39

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia-  Error range
analysis (ppm) tion (ppm)
PLANT ASH--Continued
Native species--Continued
Blackgum, stems; Georgids----ve-wc-e- 14 (1) 30:30 430 1.57 - 100 - 700
15 (1) 30:30 360 1.40 -- 150 - 700
Blackgum, leaves; Georgig~--cwece=-c-a 14 (1) 30:30 600 1.75 - 70 - 1,500
15 (1) 30:30 410 1.50 -- 200 - 700
Buckbush; Missouri
Glaciated Prairie-«~-cvcececmcccanaa 20 (1) 47:47 180 1.37 1.31. 100 - 300
Unglaciated Prairie-ce-vcccecncacan 20 (1) 48:48 170 1.29 1.31 100 - 300
Cedar Glade=--===mecoccccscncccnaan 20 (1) 50:50 180 1.35 1.31 70 -~ 300
Oak-hickory Foreste--ececcccccacana 20 (1) 49:49 170 1.35 1.31 100 - 300
Oak~hickory-pine Foregt--veccecccas 20 (1) 41:41 180 1.29 1.31 100 - 300
Cedar; Missouri
Cedar Glade-=~-recermcccccrcannccnas 20 (1) 50:50 160 1.33 1.31 100 - 300
Glaciated Prairie~v--ececcecccaccaas 24 (1) 9:9 210 1.53 -- 100 - 500
Unglaciated Prairie-ee-ccecaccceana. 24 (1) 10:10 220 1.26 - 150 - 300
Cedar Glade~-~=-cccocccccnccccuanen 24 (1) 10:10 210 1.14 - 200 - 300
Oak-hickory Forest=-eecwececauecan-es 24 (1) 10:10 210 1.30 -- 150 - 300
Oak-hickory-pine Foreste-=ceeccecce 24 (1) 6:6 220 1.31 -- 150 - 300
Hickory, pignut; Kentucky---~-=«-=cc-- 18 (1) 64:64 370 1.72 1.81 15 - 700
19 (2) 88:88 160 1.26 1.24 97 - 290
Hickory, shagbark; Kentucky==-«=-=~=wa 18 (1) 40540 410 1.47 1.81 200 - 700
19 (2) 20:20 170 1.27 1.24 100 - 270
Hickory, shagbark; Missouri
Oak-hickory Forest=-ec-eccwccccaaaa 20 (1) 19:19 190 1.48 1.31 100 - 500
Oak-hickory-pine Foreste~--- wmoeeee 20 (1) 7:7 190 1.11 1.31 150 - 200
Maple, red, stems; Georgiae~~-=c-e=x-- 14 (1) 30:30 370 1.36 -- 300 - 700
15 (1) 30:30 350 1.34 - 200 - 500
Maple, red, leaves; Georgia-=vee--w-- 14 (1) 30:30 420 1.73 - 50 - 700
15 (1) 30:30 360 1.67 - 100 - 1,000
Oak, black; Kentucky==<eer=coccca=a -~ 18 (1) 25:25 410 1.33 1.26 200 - 500
19 (2) 22322 140 1.29 1.24 75 - 190
Oak, post; Cedar Glade, Missouri-«--- 20 (1) 50:50 180 1.41 1.31 70 - 300
Oak, red; Kentucky--e~-eescccccccnecan - 18 (1) 28:28 500 1.34 1.26 300 - 1,000
19 (2) 8:8 180 1.34 1.24 140 - 330
Oak, white; Kentucky--=~e-ceeccac=ecwwe 18 (1) 49:49 420 1.41 1.26 200 - 700
19 (2) 75:75 140 1.37 1.24 90 - 500
Oak, white; Missouri
Oak-hickory Forest==e«=seecccrcccn= 20 (1) 50:50 190 1.47 1.31 100 - 500
Oak-hickory-pine Forest---~ecw-ca-w- 20 (1) 49:49 190 1.26 1.31 100 - 300
Oak, willow; Floodplain Forest,
MiSSOUri=meemecmsucmmccncecnnaccnas 20 (1) 46:46 220 1.34 1.31 100 - 500
Persimmon, stems; Georgife-«==-w-e-=e 14 (1) 30:30 320 1.53 - 150 - 700
15 (1) 30:30 220 1.71 - 50 - 700
Persimmon, leaves; Georgig~-=-=-e=-=-= 14 (1) 30:30 450 1.66 - 70 - 1,000
15 (1) 30:30 360 1.80 - 70 - 700
Pine, shortleaf; Oak~-hickory-pine
Forest, Missouri-se-cvceccaccn-n .ee= 20 (1) 49:49 230 1.3 1.31 100 - 500
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TaBLE 11.—Boron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collectiom locality method of Ratio Mean Devia- Error range

analysis (ppm) tion (ppm)

PLANT ASH--Continued

Native species--Continued

Sassafras, stems; Georgige-«~eeccc-e- 14 (1) 17:17 320 1.70 - 70 - 700
15 (1) 27:27 250 1.64 -- 70 - 500
Sassafras, leaves; Georgia-e-eceeme-e 14 (1) 17:17 300 1.51 -- 150 - 700
15 (1) 27:27 150 1.46 -- 70 - 300
Sumac, winged, stems; Georgia-------- 14 (1) 30:30 300 1.48 - 150 - 500
15 (1) 30:30 230 1.67 - 50 - 500
Sumac, winged, leaves; Georgigaee~=v-- 14 (1) 30:30 320 1.54 -- 150 - 700
15 (1) 30:30 250 1.84 - 100 - 700

Sumac, smooth; Missouri
Floodplain Forest--e==cevecccaweaaa 20 (1) 48:48 230 1.31 1.31 150 - 500
Glaciated Prairiee~secccrvacccccacan 20 (1) 50:50 230 1.44 1.31 150 - 500
Unglaciated Prairies--ceccccecca- -- 20 (1) 49:49 230 1.33 1.31 150 - 500
Cedar Glade=~=ceeecrarcccacmccccnna 20 (1) 49:49 220 1.37 1.31 1060 - 500
Oak-hickory Foreste--==ececccccnana 20 (1) 50:50 200 1.26 1.31 100 - 300
Oak-hickory-pine Forest--=eec-e-c-ve 20 (1) 49:49 210 1.38 1.31 100 - 500
Sweetgum, stems; Georgil-~=--wcwa-ce-e~ 14 (1) 28:28 260 1.38 - 150 - 500
15 (1) 27:27 190 1.39 - 100 - 300
Sweetgum, leaves; Georgila-~-veccceco- 14 (1) 28:28 400 1.51 - 200 - 700
15 (1) 27:27 280 1.48 - 150 - 500
Sweetgum; Floodplain Forest, Missouri 20 (1) 47:47 160 1.47 1.31 50 - 300

TABLE 12.—Cadmium in rocks, unconsolidated geologic deposits, soils, and plant ash

{Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure columm indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Shale
Mississippian; Missouri, Oklahoma,
and Arkansagsee~~ececmccccncrccocona- 7 (3) 2:18 <1 - - <1 - 5
Limestone and dolomite
Mississippian; Missouri, Oklahoma,
and Arkansage---==-c-eccmeccvcnacaas 7 (3) 1:40 <1 -- -- <1 -1

BORON, CADMIUM
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TaBLE 12.—Cadmium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed

Sample, and collection locality method of Ratio Mean Devia-  Errox range
analysis (ppm) tion {ppm)

ROCKS ~-Cont inued
Limestone and dolomite--Continued
Pennsylvanian; Missouri, Kansas, and
Oklahoma===e-crcecccece - eemae 6 (3) 2:32 <1 - .- <1 - 12

UNCONSOLIDATED GEOLOGIC DEPOSITS

Carbonate residuum (terra rossa)

On Gasconade Formation; Missouri----- 12 (3) 2:24 <1 - -- <1 - 4
On Roubidoux Formation; Missouri----- 12 (3) 2:24 <1 - - <1 1.5
On Jefferson City, Cotter, and Powell )

Formations; Missouri and Arkamsas-- 12 (3) 1:24 <1 - - <1 1
On Osagean rocks; Missouri--e--eeccws 12 (3) 4324 <1 -- -- <1 - 3
On Meramecian rocks; Missouri-=--- -=~ 12 (3) 6:24 42 3.40 -- <1 - 6

SOILS
Cultivated
Plovw zone, corn field; Oak-hickory

Forest, Missouri~-ececececccacaccaa 17 (3) 1:10 <1 -- - <1 - 1.5
Plow zone, soybean field; Missouri

Glaciated Prairie-=--vwecaw-s —————— 17 (3) 1:10 <1 - - <1 - 1.0

Unglaciated Prairie~-==«e--- ——memaa 17 (3) 1:8 <1 - -- <1 - 2.5
Plow zome, pasture field; Missouri

Floodplain FPoresteswecereccececcccs 17 3) 1:10 <1 -- - <1 1.0

Glaciated Prairie--e-ec-cccccccnnnae 17 (3) 1:10 <1 - -- <1 - 4.5

Oak-hickory Forest---e-cseccscaacaa 17 3) 1:10 <1 - .- <1 2.5
Surface horizon; Missouri=e-ecececcac-- 16 (3) 12:1,140 <1 - - <1 - 11

Cultivated and uncultivated
Surface horizon; Colorado==~=ce-vacux 22 (3) 10:168 <1 -- - <1 - 4
B horizon; Eastemrm United States~---~ 21 (3) 2:420 <i -- - <1 -1
B horizon; Western United States----- 21 (3) 9:492 <1 - - <1 10
PLANT ASH
Cultivated plants
Corn; Missouri

Floodplain Foreste=«sv~cmcenconcmcs 17 (3) 6:8 0.37 1.72 1.42 <0.2 - 4.4

Glaciated Prairie~ceccececcececca=- 17 (3) 9:10 .62 2.34 1.42 <2 - 8.2

Unglaciated Prairie-«c-c-ccccmcecae 17 (3) 9:10 .40 1.49 1.42 <.2 - 4.0

Oak-hickory Foreste--eseese=macccas 17 (3) 9:10 .64 3,56 1.42 <2 - 5.2
Soybean; Missouri

Floodplain Foreste--e-eemc«- -—mna— - 17 (3) 10:10 2.3 2.33 1.42 .7 7.0

Glaciated Prairie~m--secscccmccaeaa. 17 (3) 10:10 .60 2,04 1.42 3 - 1.6

Unglaciated Prairie----we-ccncemcea- 17 (3) 8:8 .80 1.53 1.42 4 - 1.2

Oak-hickory Forest-=--=csc-c-aaceae 17 (3) 9:9 .68 1.93 1.42 2 - 1.7
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TasLE 12.—Cadmium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality ~ method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
PLANT ASH--Continued
Native species
Buckbush; Missouri
Glaciated Prairie-~=e~eeccccwcccccnes 20 (3) 47:47 12 1.91 1.21 2.8 =50
Unglaciated Prairie~~-e==m-scce=s -= 20 (3) 48:48 14 2.08 1.21 3.2 -60
Cedar Glade~===c=-ccccccacmncacax -= 20 (3) 50350 6.2 1.43 1.21 3.6 =-15
Oak~hickory Forest-=ceeccececccancaa 20 (3) 49:49 12 1.69 1.21 3.4 - 36
Oak-hickory-pine Foreste-ceeeacca«- 20 (3) 41:41 10 1.86 1.21 2.8 - 40
Cedar; Missouri
Cedar Gladew-====cermnevccncnccccaca 20 (3) 50250 1.5 1.52 1.21 .050 - 3.4
Glaciated Prairie=eeweccmecemcccacs 24 (3) 9:9 3.2 1.92 .- 1.5 9.8
Unglaciated Prairie~=~cecwcmccceeaa 24 (3) 10:10 5.0 1.70 . 1.4 - 8.4
Cedar Glade--===~=- S e L LR L 24 (3) 10:10 .95 1.60 -~ ) 2.6
Oak-hickory Forest-=~me-eeveacc=caa 24 (3) 10:10 2.6 2.64 - 6 =12
Oak-hickory-pine Forest~==<-sececce- 24 (3) 434 1.4 1.36 -- 1.0 =~ 2.0
Hickory, shagbark; Missouri
Oak-hickory Foresteww-eceececw== we== 20 (3) 19:19 18 1.80 1.21 3.2 -4
Oak-hickory-pine Forest-===-e=-==«= 20 (3) 7:7 20 1.60 1.21 9.4 - 33
Oak, post; Cedar Glade, Missouri----- 20 (3) 50:50 2.3 1.51 1.21 1.2 10
Oak, white; Missouri
Oak-hickory Foreste=e-eeeesaccacccn 20 (3) 50:50 4,1 1.39 1.21 2.0 - 7.6
Oak-hickory-pine Forest--=-=cececea 20 (3) 49:49 3.9 1.44 1.21 1.6 =10
Oak, willow; Floodplain Forest,
MisSSOUri-=cwc-mocecrccenccccacnccnn 20 (3) 46:46 8.3 1.85 1.21 2.7 - 60
Pine, shortleaf; Oak-hickory-pine
Forest, Missouri=e<-ceccaccnccccna- 20 (3) 49:49 14 1.61 1.21 4 - 38
Sagebrush; Powder River Basin,
Wyoming and Montana-e--ewccccccmce- 25 (3) 48:48 5.2 1.92 - 1.3 - 30
Sumac, smooth; Missouri
Floodplain Foreste==-w-ececcecaccas 20 (3) 48:48 4.4 2.09 1.21 1.2 - 28
Glaciated Prairie~-=-eccc-- -————— -= 20 (3) 50:50 3.1 1.88 1.21 1.2 - 60
Unglaciated Prairieceweecccca. “weee 20 (3) 49:49 4.2 1.83 1.21 1.2 -12
Cedar Glade-=-c=ce~-vaccnccncaccaan 20 (3) 49:49 1.7 1.48 1.21 .8 - 5.6
Oak-hickory Forest- ——— 20 (3) 50:50 2.8 1.63 1.21 1.0 -11
Oak~hickory-pine Forest-=~==--secma- 20 (3) 49:49 2,2 1.60 1.21 .8 - 7.8
Sweetgum; Floodplain Forest, Missouri 20 (3) 47347 6.0 2,00 1.21 1.4 =21

CADMIUM
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TasLE 13.—Calcium in rocks, unconsolidated geologic deposits, soils, and plant ash

F43

[Explanation of colummn headings: Study No. refers to study described in text; method of analysis (in
Ratio, number of samples in which the element was

parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.
geometric deviation. Error, geometric error attributed to laboratory procedures.

figure colusmm indicate no data available]

Mean, geometric mean.

Deviation,

Leaders (--) in

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis _(percent) tion (percent)
OCKS
Granite
Precambrian; Missouris~eecc-cececccea 1 (5) 30:30 0.41 2,25 1.02 o0.07 - 1.2
Rhyolite
Precambrian; Missourie--ee-e- wecon~e= 1 (5) 23:30 .22 3.33 1.02 <.,07 - 1.3
Sandstone
Sauk sequence; Western United States- 3 (16) 392:400 .22 5.70 1.90 <.014 - 14
Pope Megagroup;® Kentucky---===e-=ees- 5 (16) 112:120 .13 7.59 2,69 <.,0072 - 15
Pennsylvanian; Kentucky-«=~e-se<ccw-e 5 (16) 146:152 094 4.45 2,09 <,0072 - 12
Chert
Mississippian; Missouri, Oklahoma,
and Arkansage~w~emc-ccccmcacaa eeeme 7 (5) 15:20 42 8.55 1.32 <07 - 9.3
Shale
Sauk sequence; Western United States- 3 (16) 332:336 .97 4.34 1.89 <.014 - 29
Lower Mississippian; Kentuckye-==-====-- 8 (16) 74:76 .80 6.83 - <. 0072 - 14
Upper Mississippian; Kentucky--=~==-- 5 (16) 133:142 .49 6.98 -- <.0072 - 16
Pemnsylvanian; Kentucky-ee-ecccmcec-a 5 (16) 139:152 .13 3.71 3.20 <,0072 - 4.0
Pennsylvanian; Missouri, Kansas, and
Oklahom@ === ~eceevcorcocncccccccncuw 6 (5) 32:32 1.1 4,15 1.05 d4 - 13
Siderite
Upper Paleozoic; Kentucky=e===~ ccmana 11 (16) 30:30 4.1 2.23 -- 1.4 - 30
UNCONSOLIDATED GEOLOGIC DEPOS ITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (1) 23:24 0.059 4.1l 1.07 <0.002 5
On Roubidoux Formation; Missouri-e--- 12 (1) 24324 041 3.36 1.07 .005 3
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (1) 24:24 .086 2.15 1.07 .015 1.5
On Osagean rocks; Missouri--=«ec=c<--= 12 (1) 24:24 031  4.76 1.07 .002 1.5
On Meramecian rocks; Missouri~---~--- 12 (1) 24:24 .11 2.75 1.07 015 1.5
Loess
Missouri-e=wecme--ceca" e 13 (5) 24:24 .88 2.22 -- 29 - 4.2

! Of Swann and Willman (1961).

CALCTUM
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TaBLE 13.—Calcium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Obsgerved
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent)  tion (percent)
SOILS
Cultivated
Plow zone, garden; Georgif~~--s~w-e=- 14 (13) 30:30 0.08 2.16 -- 0.02 - 0.5
15 (13) 30:30 .17 2.19 - 03 - 1
Plow zone, corn field; Missouri
Floodplain Forest-v-«=~ewvewe LT 17 (5) 8:8 .48 1.38 1.03 .35 - .83
Glaciated Prairie~«--cecvcmccccaca. 17 (5) 10:10 .57 1.30 1.03 40 - .89
Unglaciated Prairie--=«=--ceceaccac-n 17 (5) 10:10 .39 2.43 1.03 14 - 3.1
Oak-hickory Forest-e-=-sece-= —————— 17 (5) 10:10 RV 2,30 1.03 16 - 2.0
Plow zone, soybean field; Missouri
Floodplain Porest=-====u=~~ “mm———— -== 17 (5) 10:10 47 1.49 1.03 22 - .81
Glaciated Prairie~-e-=--- R 17 (5) 10:10 .58 1.33 1.03 42 - .97
Unglaciated Prairje-=e=eececccececws 17 (5) 8:8 .38 1.76 1.03 17 - 1.0
Oak-hickory Porest=--«-cececccacada 17 (5) 9:9 .51 2.18 1.03 31 - 3.9
Plow zone, pasture field; Missouri
Floodplain Foregt-~«=csces=cncace=~ 17 (5) 10:10 .48 1.46 1.03 21 - .89
Glaciated Prairfe~---=c-cecacccac-o 17 (5) 10:10 .66 1.38 1.03 48 - 1.2
Unglaciated Prajirie~-ececcccecccuacs 17 (5) 10:10 .47 2,34 1.03 14 - 4.1
Oak-hickory Poregt=-e-eeco-=- meemam- 17 (5) 10:10 A 1.55 1.03 21 - .86
Surface horizon; Missouri--e-ececace-a 16 (5) 1,114:1,140 .33 2.03 1.12 <07 - 5.6
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montan@-==~-=-e-seccece= 25 (5) 48:48 .62 3.18 1.20 05 - 7
A hOriZOR; Georgia --------------- 14 (13) 23:30 .12 1.80 - <.01 - .4
15 (13) 29:30 .31 1.44 - <01 - «65
A horizon; Kentucky=«=--- cremone === 18 (16) 91:96 .14 3.23 1.56 <.01 - 3.4
19 (16) 105:108 .26 2.60 1.83 <,035 - 1.1
B horizon; Georgia-~~-~cmwewu--= -me——— 14 (13) 21:30 .10 1.51 .- <.01 - .25
15 (13) 30:30 .33 1.37 - .2 - .6
B horizon; Kentucky-=-~==c-cc-- eemme 18 (16) 91:96 .12 3.02 1.56 <.,01 - 1.2
B horizon; Missouri
Floodplain Forest-----« wrenamcncsas 20 (5) 50:50 42 1.76 1.36 07 - 1.5
Glaciated Prairieevcecceccccncaccn0- 20 (5) 50:50 .38 1.36 1.36 .21 - .86
Unglaciated Prairie~=-ceccesccnaqa. 20 (5) 49:50 .24 1.79 1.36 <,07 - .57
Cedar Glade-~=-o=cav=e= mmeeemmaa == 20 (5) 49:50 1.7 4,52 1,36 <.07 - 30
Oak"hiCkoty Foregtw=c-mececevcncn=x" 20 (5) 46:50 .15 2.80 1036 <007 - 806
Oak-hickory-pine Forest~-«~=ecc-u--- 20 (5) 28:50 065 2.44 1.36 <.07 - «57
C horizon; Georgia~----- e et 14 (13) 23:30 .12 1.81 - <.01 .35
15 (13) 30:30 .35 1.28 - .2 .5
Cultivated and uncultivated
Surface horizon; Colorado~==-==eew--= 22 (5) 167:168 .9 2.37 1.0 <01 -« 25
B horizon; Eastern United States--~-- 21 (13) 363:370 .32 2.87 - <.01 16
B horizon; Western United Stateg----- 21 (13) 491:491 1.8 2.93 - 01 - 40

CALCIUM
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TaBLE 13.—Calcium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) tion (pexcent)
PLANT ASH
Cultivated plants
Bean, lima; Georgia-e==-ececmccncncc-x 14 (13) 30:30 3 1.32 .- 2.1 - 8.3
15 (13) 15:15 3.7 1.63 - 1.9 - 8.6
Bean, snap; Georgla--=-wec-e-c- memmee= 14 (13) 30:30 5.3 1.39 -- 2.4 - 12
15 (13) 30:30 6.5 1.31 -- 3.8 - 10
Beet, red; Wisconsin-~e==v--- T 23 (1) 3:3 1.8 1.74 -- 1.0 3.0
Blackeyed pea; Georgia-e=ecesewceacce 14 (13) 29:29 6.6 1.31 -- 3.6 - 12
15 (13) 434 4.7 1.29 - 3.7 - 6.7
Cabbage; Georgia--ee-ceccce~ae cemem—- 14 (13) 28:28 16 1.38 -— 5.5 - 23
15 (13) 30:30 20 1.19 -~ 13 - 26
Cabbage; Wisconsine=-=----- —m—ane weee== 23 (1) 3:11 >10 - -- 5 - 210
Corn; Georgia~----- mereeseccmncnmman - 14 (13) 29:29 1.8 1.44 -- .8 - 3.6
15 (13) 30:30 1.7 1.51 - .8 - 3.4
Corn; Missouri
Floodplain Forest----eeacceecacae -= 17 (3) 8:8 .30 1.33 1.09 2 - 44
Glaciated Prajirie«-c-e-vececa- “mmmen- 17 (3) 10:10 .31 1.27 1.09 .18 - .42
Unglaciated Prairie-~«e~crcecocacea- 17 (3) 10:10 .29 1.29 1.09 20 - 42
Oak-hickory Forest-e=-~e-meceacccaa 17 (3) 10:10 .32 1.22 1.09 24 - 42
Corn; Wisconsin------ L m—————— 23 (1) 27:27 .70 1.99 -- .3 - 5
Onion; Wiscomsine~=e-cccccuces —eneene 23 (L) 5:7 6.6 2.11 ~- 3 - >10
Pepper, sweet; Wisconsine----- ——eona - 23 (1) 434 2,7 2.19 - 1 - 5
Potato; Wisconsin===w---- S 23 (1) 10:10 .81 1.63 -—- .5 - 3
Soybean; Missouri
Floodplain Forest-v~-=ce-wcencaanx - 17 (3) 10:10 5.0 1.14 1.09 4.2 - 6.4
Glaciated Prairie-~-«-~-- mremeeeeee - 17 (3) 10:10 5.0 1.16 1.09 3.4 - 5.8
Unglaciated Prairie~=e-ccecceacoc-e 17 (3) 8:8 6.2 1.12 1.09 5.0 - 7.4
Oak-hickory Forest=e~===scem-~ .mean 17 (3) 9:9 5.6 "1.11 1.09 4.6 - 6.4
Tomato; Georgia~-~-- e DL L P e==e= 14 (13) 30:30 1.7 1.44 - .8 - 4.6
15 (13) 30:30 1.5 1.27 -- .8 - 2.1
Native species
Black cherry, stems; Georgia«-=-~ecw=- 14 (13) 30:30 26 1.17 - 17 - 33
15 (13) 30:30 25 1.23 -- 17 - 3%
Black cherry, leaves; Georgia<«~=---- 14 (13) 30:30 23 1.16 -~ 16 - 34
15 (13) 30:30 21 1.20 - 14 - 28
Blackgum, stems; Georgla---e--eacec-- 14 (13) 30:30 25 1.14 -~ 20 - 32
15 (13) 30:30 26 1.14 - 19 - 33
Blackgum, leaves; Georgig---e-c=-=- -= 14 (13) 30:30 17 1.21 -= 11 - 24
15 (13) 30:30 16 1.26 -- 7.8 - 25
Buckbush; Missouri
Glaciated Prairie--<-=-- ceemcecanon 20 (3) 47:47 15 1.11 1.10 12 - 19
Unglaciated Prairie«-c-ewccccecccas- 20 (3) 48:48 15 1.12 1.10 12 - 20
Cedar Glade--=~===e-ceccemmccccne-= 20 (3) 50:50 18 1.15 1.10 13 - 26
Oak-hickory Forest-==w«-e-~ - ———————— 20 (3) 49:49 15 1.22 1.10 9.2 - 24
Oak-hickory-pine Forest-s-e-ewcea-= 20 (3) 41:41 15 1.27 1.10 6.8 - 23
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TaBLE 13.—Calcium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (percent) _ tion (percent)

PLANT ASH--Continued

Native species--Continued
Cedar; Missouri

Cedar Glade-~-=revcccnceccnccan-n-as 20 (3) 50:50 31 1.09 1.10 24 - 36
Glaciated Prairie~ee-co--- mmmmcacna 24 (3) 9:9 25 1.08 -~ 23 - 29
Unglaciated Prairies-=e-c--=- mmmeee 24 (3) 10:10 25 1.10 - 21 - 30
Cedar Glade-==-cesceccmccccccanance 24 (3) 10:10 31 1.04 - 29 - 33
Oak-hickory Forest==-ecscaccmacea== 24 (3) 10:10 26 1.13 -- 23 - 33
Oak-hickory-pine Forest==--==«=- m—e 24 (3) 6:6 28 1.11 -- 23 - 30
Hickory, pignut; Kentucky=«=s=~=weco=- 18 (3) 60:60 30 1.11 1.04 19 - 34
19 (3) 88:88 31 1.08 1.05 24 - 37
Hickory, shagbark; Kentucky-~==e--c-= 18 (3) 40:40 28 1.12 1.04 21 - 34
19 (3) 20:20 31 1.11 1.05 21 - 37
Hickory, shagbark; Missouri
Oak~-hickory Porest=eveescacecccacasa 20 (3) 19:19 34 1.07 1.10 30 - 40
Oak-hickory-pine Forest=v-c-ce-cecae 20 (3) 7:7 35 1.04 1.10 34 - 37
Maple, red, stems; Georgig---ew-ec-aee 14 (13) 30:30 24 1.19 -- 16 - 31
15 (13) 30:30 25 1.20 -- 13 - 32
Maple, red, leaves; Georgia~--==-=--= 14 (13) 30:30 17 1.21 - 11 - 24
15 (13) 30:30 16 1.26 - 9 - 24
Oak, black; Kentucky-=--- —————— =e=== 18 (3) 25:25 29 1.09 1.06 21 - 37
19 (3) 22:22 30 1.06 1.05 27 - 34
Oak, post; Cedar Glade, Missouri--=--- 20 (3) 50:50 32 1.11 1.10 23 - 38
Oak, red; Kentucky-=-===c-u- cemwmcana 18 (3) 27:27 30 1.09 1.06 26 - 36
19 (3) 9:9 29 1.10 1.05 25 - 33
Oak, white; Kentucky==-s=s=ceasweceecu=~ 18 (3) 48:48 28 1.12 1.06 19 - 33
19 (3) 76:76 28 1.08 1.05 23 - 36
Oak, white; Missouri
Oak-hickory Porest---===--- meamesn= 20 (3) 50:50 33 1.08 1.10 26 - 38
Oak-hickory-pine Foresteemee-ca-- == 20 (3) 49:49 34 1.06 1.10 30 - 37
Oak, willow; Floodplain Forest,
Missouries-ecccas mecme- mremmmenonn 20 (3) 46:46 28 1.12 1.10 21 - 35
Persimmon, stems; Georgia-----==«=-~= 14 (13) 30:30 23 1.24 -~ 13 - 33
15 (13) 30:30 20 1.28 -- 12 - 28
Persimmon, leaves; Georgifeme~cwcecea~ 14 (13) 30:30 15 1.55 .- 2.3 - 25
15 (13) 30:30 16 1.30 -- 9.7 - 25
Pine, shortleaf; Oak-hickory-pine
Forest, Missouri~=ececeecaccecaccaas 20 (3) 49:49 13 1.31 1.10 6.4 - 23
Sassafras, stems; Georgif-----ecceccen 14 (13) 17:17 21 1.35 -- 8.3 - 28
15 (13) 27:27 19 1.37 - 9.1 - 26
Sassafras, leaves; Georgia--~w-wa--e= 14 (13) 17:17 19 1.25 -~ 1 - 26
15 (13) 27:27 15 1.27 - 7.9 - 25
Sumac, winged, stems; Georgig=--=------ 14 (13) 30:30 25 1.27 -- 12 - 34
15 (13) 30:30 24 1.27 -- 9.8 - 35
Sumac, winged, leaves; Georgig--=«-- - 14 (13) 30:30 19 1.21 -~ 12 - 26
15 (13) 30:30 18 1.22 -- 13 - 26
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TABLE 13.—Calcium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) tiom (percent)
PLANT ASH--Continued
Native species=~Continued
Sumac, smooth; Missouri
Floodplain Forest - -= 20 (3) 48:48 24 1.20 1.10 15 - 34
Glaciated Prairie~cevecccrncccccacas 20 (3) 50:50 26 1.14 1.10 19 - 31
Unglaciated Prairiee-ceccecnc--- -== 20 (3) 49:49 26 1.14 1.10 17 - 33
Cedar Glader~-=vec== mmemcesenen .- - 20 (3) 49:49 29 1.12 1.10 21 - 37
Oak-hickory Forestee=e—e-e= —————— -= 20 (3) 50:50 24 1.20 1.10 12 - 31
Oak-hickory-pine Foregte=w=-e-- ~=ea 20 (3) 49:49 27 1.11 1.10 19 32
Sweetgum, stems; Georgia~--cecmcccaaa 14 (13) 28:28 26 1.17 -~ 16 - 32
15 (13) 27:27 23 1.31 -- 12 - 35
Sweetgum, leaves; GCeorgia~----- mee=e 14 (13) 28:28 19 1.16 -~ 11 - 23
15 (13) 27:27 16 1.23 -- 9.3 - 23
Sweetgum; Floodplain Forest, Missouri 20 (3) 47:47 27 1.14 1.10 20 - 36

TABLE 14.—Carbon (carbonate) in rocks, unconsolidated geologic deposits, and soils

{Explanation of column headings:

parentheses) refers to method listed in table 1.

Study No. refers to study described in text; method of analysis (im

Ratio, number of samples in which the element was

found in measurable concentrations to number of samples analyzed.
Deviation, geometric deviation except that values

values preceded by asterisk are arithmetic mean.
preceded by asterisk are standard deviation.
cedures except that values preceded by asterisk are standard error.

indicate no data available]

Mean, geometric mean except that

Error, geometric error attributed to laboratory pro-

Leaders (=--) in figure columm

Study
No. and Obsgerved
Sample, and collection locality method of Ratio Mean Devia~ Error range
analysis (percent) tion (perceat)
ROCKS
Sandstone
Pope M@.'gr,agroup;l Kentucky-e=s-ccnwasa 5 (16) 22:120 <0.0l4 - - <0.014 - 4.9
Pennsylvanian; Kentucky=~---===- e==== 5 (16) 12:152 <.014 - -- <014 - 3.6
Pennsylvanian; Missouri, Kansas, and
Oklahoma~====~ Lt PRI LT ELL S L 6 (10) 24332 .01 -—- -- <.01 - 9.4
Shale
Pennsylvanian; Kentucky----=~eccecau- 5 (16) 41:152 <.014 - - <.014 - .44
Pennsylvanian; Missouri, Kansas, and
Oklahoma~=-rw=mecennccca L Lt 6 (10) 31:32 .16 5.07 1.41 <.01 - 4.3
Black shale
Devonian and Mississippian; Kentucky- 9 (10) 28:28 .060 4.16 - .005 - 5.1

1 0of swann and Willman (1961).
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TABLE 14.—Carbon (carbonate) in rocks, unconsolidated geologic deposits, and soils—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis _(percent) tion (percent)
ROCKS--Cont inued
Siderite
Upper Paleozoic; Kentucky~======ceca- 11 (16) 30:30 *7.1 *1.96 .- 2.8 =-11
UNCONSOL IDATED GEOLOGIC DEPOSITS
Loess
Missouri--e-eerccccacacerecnccrcnaea. 13 (10) 22:24 0.088 5.80 -- <0.01 - 2.3
SOILS
Cultivated
Plow zone, corn field; Missouri
Floodplain Foreste-=erccecccas —we== 17 (10) 2:8 <0.01 - - <0.01 - .14
Glaciated Prairje~-e«cececca- cacwmee 17 (10) 4:10 .0075 4.28 -- <01 - .06
Unglaciated Prairie-««~- cmcnmamcen- 17 (10) 4:10 <.01 - - <.01 - .75
Oak-hickory Forestese«e= LT 17 10) 4:10 <.01 - -—- <01 - .50
Plow zone, soybean field; Missouri
Floodplain Forest-~ ———— - 17 (10) 2:10 <.01 - - <.01 - .06
Glaciated Prairie~s=wececccccncacac 17 (10) 2:10 <.01 - .- <.01 - .05
Unglaciated Prairie-e-eceeca- mmawe 17 (10) 3:8 <.01 -- -- <.01 - .15
Oak-hickory FPoreste«ecmeccnnccnnacas 17 (10) 4:9 <.01 - .- <.01 - .93
Plow zone, pasture field; Missouri
Glaciated Prairie-=~ve-cecca- —————- 17 (10) 4:10 <.01 - - <.01 - .18
Unglaciated Prairie«-~=-wece-a =e=== 17 (10) 3:10 <.01 - -- <01 - .05
Oak-hickory Foresteees=wceccanceccas 17 (10) 3:10 <.01 - - <01 - .06

Surface horizon; Missouri-«--=«s----=- 16 (10) 946:1,140 .028 2.85 2,31 <.0r - 2,9

Uncultivated
B horizon; Missouri
Floodplain Forest----- e e 20 (10) 45:50 .046 3.06 2.73 <.0r - .51
Glaciated Prairie-~--ve-ceewe —————— 20 (10) 44:50 .055 2.95 2.73 <.0r - .29
Unglaciated Prairie-==e==c-eeee-- -= 20 (10) 42:50 046 3.34 2.73 <.01 - .25
Oak-hickory Forest--«-ceccee- LLE T 20 (10) 44350 .054 4.14 2.73 <01 - 4.7
Oak-hickory-pine Forest---==eeeecs-= 20 (10) 45350 .055 3.11 2.73 <.0L - .3
Cultivated and uncultivated
Surface horizon; Colorado«~==~=e=-==- 22 (10) 90:168 .01 8.90 1.71 <.01 - 6.4

CARBON (CARB(NATE)
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TABLE 15.—Carbon (organic) in rocks, unconsolidated geologic deposits, and soils

[Explanation of column headings: Study No. refers to study described in text; method of anmalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Meam, geometric meam. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) tiom (pexcent)
ROCKS
Sandstone
Roubidoux Formation; Missourie--=«--- 4 (11) 11:12 0.30 3.13 1.93 <0.1 - 4.5
Pennsylvanian; Missouri, Kansas, and
Oklahoma == ~=cvescwa= eecemacceacaca 6 (11) 32:32 .35 2.07 1.93 1 - 1.4
Chert
Mississippian; Missouri, Oklahoma,
and Arkansag---=-cesccccccccccccoan 7 (11) 20:20 A4 2.26 ©1.93 2 - 1.4
shale
Mississippian; Missouri, Oklahoma,
and Arkansgg---se~ecccmccccccncnn= - 7 (Q11) 16:18 .27 3.89 1.71 <.1 - 7.2
Pennsylvanian; Missouri, Kansas, and
Oklahom@--~-=rccecerccccncrcncccae- 6 (11) 27:32 .32 2,57 1.71 <1l -1
Black shale
Devonian and Mississippian; Kentucky- 9 (11) 88:88 10 1.58 1.15 1.7 =-21
Limestone and dolomite
Sauk sequence; Missouri and Arkansas- 4 (1l1) 24:48 .11 2.58 2.38 <.l - .60
Tippecanoe sequence; Missouri---=«--- 10 (11) 12:12 .28 2.55 2.38 .1 -~ 1.6
Mississippian; Missouri, Oklahoma,
and Arkansag~-e~-=cmcecccreccocmcnae 7 (11) 34:40 .22 2,31 2.38 <l =1
Pennsylvanian; Missouri, Kansas, and
Oklahom@«-==eveemcccus meenmmcceen= - 6 (11) 19:32 .10 2,77 2.38 <1 -« .11
UNCONSOLIDATED GEOLOGIC DEPOSITS
Loess
Missouri---e-cseccocncnncccccccnccnn- 13 (11) 24324 0.13 1.62 -- 0.1 - 0.3
SOILS
Cultivated
Plow zone, corn field; Missouri
Floodplain Foreste---ce~vccua- —————— 17 (11) 8:8 0.91 1.32 1.32 0.6 1.3
Glaciated Prairie-~--- R LT 17 (11) 10:10 1.7 1.26 1.32 1.1 2.2
Unglaciated Prairie-~ec=eeea- ———me- 17 (11) 10:10 1.4 1.33 1.32 1.0 - 2.0
Oak-hickory Forest~~=cecevccccecccas 17 (11) 10:10 1.4 1.56 1.32 .8 - 2.8
Plow zone, soybean field; Missouri
Floodplain Forest=---~-eccccccncnae 17 (11) 10:10 .93 1.57 1.32 A4 - 1.7
Glaciated Prairie--eccecccccaccnaaa 17 (11) 10:10 1.6 1.32 1.32 9 - 2.2
Unglaciated Prairie-~e-ececccac-acaas 17 (11) 8:8 1.6 1.48 1.32 1.0 - 3.1
Oak-hickory Forest-==--e-ecccceccea- 17 (11) 9:9 1.1 1.60 1.32 4 - 1.8

CARBON (ORGANIC)
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TaBLE 15.—Carbon (organic) in rocks, unconsolidated geologic deposits, and soils—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) _tion (pexcent)
SOILS --Continued
Cultivated--Continued
Plow zone, pasture field; Missouri
Floodplain Forest--~~==~ eemereem-- 17 (11) 10:10 1.1 1.69 1.32 0.5 - 3.1
Glaciated Prairie~---weeeccacocccan 17 (11) 10:10 2,2 1.22 1.32 1.6 - 3.0
Unglaciated Prairie--~--cccaccccca. 17 (11) 10:10 1.7 1.29 1.32 1.1 - 2.7
Oak-hickory Forest~---«-- S - 17 (11) 10:10 1.5 1.60 1.32 .7 = 3.2
Surface horizon; Missouri-~-~sec~ecce-- 16 (11) 1,140:1,140 1.3 1.53 1.11 .08 - 5.2
Uncultivated
B horizon; Missouri
Floodplain Foregt-=-eee-cccccccaaan 20 (11) 50:50 .89 2.09 1.34 .1 4.0
Glaciated Prairie----=-- ccmmmmee—on 20 (11) 50350 .83 1.69 1.34 2 - 2.4
Unglaciated Prairie-----ec--- R 20 (11) 50:50 .98 1.48 1.34 .5 - 1.9
Cedar Glade-vrecmcececccrancccanan. 20 (11) 50:50 2.8 1.64 1.34 .7 = 5.9
Oak-hickory Foreste-=ece-caveccccaa 20 (11) 50:50 .96 1.69 1.34 .4 - 3.8
Ogk-hickory-pine Foregt~--<<=vca=u- 20 (11) 50:50 .70 1.81 1.34 2 - 2.9
Cultivated and uncultivated
Surface horizon; Colorado-=eer===ce-== 22 (11) 168:168 1.1 2.43 1.02 4 - 1.5

TABLE 16.—Cerium in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of analysis (im
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm)_ tion (ppm)
ROCKS
Granite
Precambrian; Missouri-~-c-ececcnccecas 1 (L 20:30 150 - -- <150 - 150
Rhyolite
Precambrian; Missouri-=--s-ceccecmca-e 1 23:30 150 .- -- <150 - 150
Sandstone
Pennsylvanian; Missouri, Kansas, and
Oklahoma ~===v-ewccnmrccccccnccnnacs 6 (1) 10:32 <150 -- - <150 - 300

CARBON (ORGANIC), CERIUM
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TABLE 16.—Cerium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis (ppm) tion (ppm)
ROCKS--Cont inued
Shale
Mississippian; Missouri, Oklahema,
and Arkanggg-e--e~~ccoccccccccncmces 7 (1) 2:18 <100 - -- <100 - 100
Pennsylvanian; Kemntucky--ecscwnccca«a 5 (L) 6:35 <150 -- -- <150 - 150
Pennsylvanian; Missouri, Kansas, and
Oklahoma ~===mmcecoccccnaccconcraccan 6 (1) 9:32 <100 -- -- <100 - 150
Limestone and dolomite
Pennsylvanian; Kentucky-=-==~-- Tt 5 (1) 1:80 <500 - - <500 - 500

UNCONSOLIDATED GEOLOGIC DEPOSITS

Carbonate residuum (terra rossa)

On Gasconade Formation; Missouri----- 12 (1) 1:24 <150 - -—- <150 - 200
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-~ 12 (1) 1:24 <150 - -—- <150 - 200
On Osagean rocks; Missouri----- m————— 12 (1) 5:24 <150 -—- -- <150 - 300
On Meramecian rocks; Missouri-=---=-- 12 (1) 1:24 <150 -- -- <150 - 200
Loess
Migsouri-merecccncccncrcnccconaccanan 13 (1) 2:24 <100 ~-~- - <100 - 100
SOILS
Cultivated
Plow zone, garden; Georgia--=-ec~-c-- 14 (1) 5:30 <150 -- - <150 - 500
Surface horizon; Missouri«-ecec-cc--- 16 (1) 435:1,140 120 1.27 -- <150 - 300
Uncultivated
A horizon; Georgid--=-em--cccccecccnn. 14 (1) 6:30 <150 -- - <150 - 500
15 (1) 5:30 79 1.58 -- <150 - 200
B horizon; Georgia-~~==csrecccccccaa- 14 (1) 4:30 50 2.19 - <150 - 300
15 (1) 6:30 58 2,43 - <150 - 500
B horizon; Missouri
Glacjated Prairie~==~e-ceaccccccaaa- 20 (1) 11:50 97 1.36 -- <150 - 150
Unglaciated Prairie-«--ec-cccmcccaa. 20 (1) 16:50 110 1.34 -- <150 - 200
Cedar Glade-===c-vrecccnaccnacncan-" 20 (1) 5:50 <150 - -- <150 - 200
Oak-hickory Foreste--=--c-ceccacca-- 20 (1) 6:50 78 1.45 -- <150 - 150
Oak-hickory-pine Forest-e--=-vcceua- 20 (1) 2:50 <150 -- -- <150 - 150
C horizon; Georgia-=~e-ceccveccccanaa. 14 (1) 6:30 76 1.76 - <150 - 200
15 (1) 3:30 58 1.81 - <150 - 200
Cultivated and uncultivated
Surface horizon; Colorado~--=---v---- 22 (1) 15:168 <200 -- - <200 - 700
B horizon; Eastern United Stateg----- 21 (1) 65:322 78 1.70 - <150 - 300
B horizon; Western United Stateg--~--- 21 (1) 76:485 74 1.64 - <150 - 300

CERIUM
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TaBLE 16.—Cerium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
PLANT ASH
Cultivated plants
Tomato; Georgia=e-eecw~ecccvecnncnncan 14 (1) 1:30 <150 -- -- <150 - 300
Native species
Hickory, shagbark; Oak-hickory-pine
Forest, Missouri-----=--- cmem——- -== 20 (1) 4:6 350 1.69 - <150 - 700

TaBLE 17.—Chromium in rocks, unconsolidated geologic deposits, soils, and plant ash

(Explanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures, Leaders (--) in
figure column indicate mo data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_apnalysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri---ece-enecc-cea- 1 (1) 12:30 <1 -- -- <1 - 7
Rhyolite
Precambrian; Missouri-~e--ecececcwccec-e 1 (1) 14:30 .83 3.86 -- <1 - 15
Arkose
Fountain Formation; Colorado----- ———- 2 (2) 80: 80 15 1.82 1.17 1- 87
Sand stone
Sauk sequence; Western United States- 3 (2) 398:400 6.5 2.09 1.33 <1 - 130
Roubidoux Formation; Missouri----- == 4 (1) 10:12 2.0 2,47 1.33 <1 - 7
Pope Megagroup;1 Kentucky=~=evececenx 5 (2) 120:120 39 2.00 1.75 3 - 210
Pennsylvanian; Kentuckye--e~=eevcece-a 5 (2) 152:152 26 2.06 1.36 3 - 210
Pennsylvanian; Missouri, Kansas, and
Oklahoma~===cccccrcncncrcncenccacen 6 (1) 32:32 7.4 2.25 1.33 5- 100
Shale
Sauk sequence; Western United States- 3 (2) 336:336 75 1.76 1.11 15 - 260
Lower Mississippian; Kentucky-=====«=« 8 (2) 76:76 62 1.43 - 26 - 130
Upper Mississippian; Kentucky=--=--=-- 5 (2) 142:142 96 1.30 - 3 - 160
Mississippian; Missouri, Oklahoma,
and Arkansag------cc-ceccccaccocea- 7 (1) 18:18 130 2,28 1.18 50 - 700
Pennsylvanian; Kentucky-e-ecece-co~a=a 5 (2) 152:152 88 1.35 1.10 35 - 230

* of Swann and Willmen (1961).
CERIUM, CHROMIUM



GEOCHEMISTRY OF SOME ROCKS, SOILS, AND PLANTS IN THE UNITED STATES

TaBLE 17.—Chromium in rocks, unconsolidated geologic deposits, soils, and plant ash--Continued

F53

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis {ppm) tion (ppm)
_ ROCKS --Cont {aued
Shale--Continued
Pennsylvanian; Missouri, Kansas, and
OklahomB ee=s=omccrccccanmenaccnanan 6 (1) 32:32 95 1.26 1.18 70 - 150
Black shale
Devonian and Mississippian; Kemtucky- 9 (2) 88:88 84 1.38 1.06 46 - 190
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 308:392 11 2.87 1.16 <5 - 150
Sauk sequence; Missouri and Arkansas- 4 (1) 48:48 3.6 2.09 1.29 1l - 20
Upper Ordovician; Kentucky-----«eeca- 5 (1) 80:80 11 1.82 1.39 2 - 30
Tippecanoe sequence; Missourie-e-==-- 10 (1) 11:12 2.7 2.60 1.29 <1 - 15
Lower Mississippian; Kentucky--==«=--- 5 (L 112:112 19 2.33 1.33 5 - 150
Upper Mississippian; Kemtucky=--ee--=- 5 (1) 152:152 17 1.82 1.37 2 - 70
Mississippian; Missouri, Oklahoma,
and Arkensag----==~-=cccce- cemeeee- 7 (1) 38:40 9.4 3.27 1.29 <l - 70
Pennsylvanian; Kentucky--==-ceccccan= 5 Q1) 80:80 29 1.78 1.33 10 - 70
Pennsylvanian; Missouri, Kansas, and
Oklahoma~=~--~-~ L ettt 6 (1) 32:32 16 2.09 1.29 7 - 70
Siderite
Upper Paleozoic; Kentucky-==e==ecec-= 11 (1) 30:30 21 1.76 - 10 - 70
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (1) 24:24 57 1.39 1.18 30 - 100
On Roubidoux Formation; Missouri----- 12 (1) 24:24 54 1.54 1.18 20 - 100
On Jefferson City, Cotter and Powell
Formations; Missouri and Arkansas-~- 12 (1) 24:24 70 1.26 1.18 50 - 100
On Meramecian rocks; Missouri-------- 12 (1) 24:24 95 1.27 1.18 70 - 150
Loess
Missouri-e--=--- T T T —— 13 (1) 24:24 70 1.16 -- 50 - 100
SOILS
Cultivated
Plow zone, garden; Georgig------ecee-- 14 (1) 30:30 15 2.00 - 7 - 150
14 (1) 30:30 48 1.62 -- 15 - 150
Plow zome, corn field; Missouri
Floodplain Foreste-=-=~ecovecccccca- 17 (1) 8:8 43 1.56 1.13 20 - 70
Glaciated Prairie«==cececccncoccaa- 17 (1) 10:10 70 1.18 1.13 50 - 100
Unglaciated Prairies~--ceccacocenaa 17 (1) 10:10 63 1.18 1.13 50 - 70
Oak-hickory Forest=-==ceseeccccacaca 17 (1) 10:10 66 1.24 1.13 50 - 100

CHROMIUM
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TABLE 17.—Chromium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion {ppm)
SOILS --Continued
Cultivated --Continued
Plow zone, soybean field; Missouri
Floodplain Forest--=-+==--- ————————— 17 Q1) 10:10 40 1.77 1.13 15 - 100
Glaciated Prairie----cecccccacccac. 17 (1) 10:10 63 1.18 1.13 50 - 70
Unglaciated Prairies---ccvcwcccce-a 17 (1) 8:8 67 1.13 1.13 50 - 70
Oak-hickory Forest----- L 17 (1) 9:9 65 1.16 1.13 50 - 70
Plow zone, pasture field; Missouri
Floodplain Forest--e=-ececvcencaccacan 17 (1) 10:10 39 1.54 1.13 20 - 70
Glaciated Prairie-----ceccemcnacan- 17 (1) 10:10 63 1.18 1.13 50 - 70
Unglaciated Prairie-~-wecormecccacca 17 Q) 10:10 59 1.19 1.13 50 - 70
Oak-hickory Foregt=-=-s=s-ccescn-us 17 (1) 10:10 70 1.26 1.13 50 - 100
Surface horizom; Missouri--~--=eweee- 16 (1) 1,140:1,140 54 1.44 1.27 10 - 150
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana---=esccccccncn= 25 (1) 48:48 45 1.49 1.28 20 - 100
A horizon; Georgiae=vvscccencacanas --= 14 (1) 30:30 11 1.99 -- 3 - 100
15 (1) 30:30 41 1.79 - 30 - 100
A horizon; Kentucky---we-v-cwcacraceo 18 (2) 96:96 60 1.31 1.07 26 140
19 (2) 108:108 60 1.29 1.15 29 140
B horizon; Georgia~~--- mememe—- —————— 14 (1) 30:30 11 1.81 .- 3 - 50
15 (1) 30:30 44 1.63 ~- 15 - 150
B horizon; Kentucky-e=-sece-recccnc=e 18 (2) 96:96 76 1.30 1.07 37 - 170
B horizon; Missouri
Floodplain Forest~e«-ereccawceccacn 20 (1) 50:50 38 1.80 1.24 7 - 70
Glaciated Prairie«e--vocccecacccacas 20 (1) 50:50 66 1.15 1.24 50 - 100
Unglaciated Prairie--e==ccccccncnas 20 (1) 50:50 65 1.23 1.24 30 - 100
Cedar Glade~c-~ececccucrccacccncean 20 (1) 50:50 42 1.51 1.24 20 - 70
Oak-hickory Foregt----e-=cece=mcanc== 20 (1) 50:50 43 1.45 1.24 20 - 100
Oak-hickory-pine Forest---ecweve--a 20 (1) 50:50 30 1.67 1.24 10 - 70
C horizon; Georgiade-cvec-ccaw LT L TP 14 (1) 30:30 16 2.08 - 3 - 50
15 (1) 30:30 47 1.56 - 10 - 100
C horizon; Kentucky====s-ccmcccacaean 18 (2) 96:96 78 1.45 1.07 20 - 170
Cultivated and uncultivated
Surface horizon; Colorado~-««~«vweccna 22 (1) 168:168 31 2.07 1.26 7 - 84
B horizon; Eastern United States----- 21 (1) 371:371 36 2,52 -—- 1 - 100
B horizom; Western United Stateg-=--~ 21 (1) 492:492 38 2,16 - 3 - 1,500
PLANT ASH
Cultivated plants
Asparagus; Wiscongin--=-=ewecccacccaa 23 (1) 5:5 6.6 1.15 - 5 - 7
Bean, lima; Georgia--=<-=-ccawm-a e=e= 14 (1) 4:30 42 3.53 -- < 7
15 (1) 6:15 < -- -- <2 50

CHROMIUM
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TABLE 17.—Chromium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (ppm) tion (ppm)

PLANT ASH--Continued

Cultivated plants--Continued

Blackeyed pea; Georgla----cevcememnce 14 (1) 12:29 < -- -- < 30
15 (1) 1:4 < -- - 2 - 2
Cabbage; Georgia~---v-ccccencuccacaaa 14 (1) 20:28 2,2 1.66 -- <2 - 7
15 (1) 26:30 5.7 2,61 -- < 30
Cabbage; Wisconsinm-e-cveccecacanaaaas 23 (1) 3:11 < - - <2 - 15
Carrot; Wisconsine«--ee-cecccccccanas 23 (1) 2:8 < -~ - <2 - 10
Corn; Georgia----w-wrecocecrncaccnca- 14 (1) 9:29 <2 - -- << - 5
15 (1) 10:30 1.4 1.83 -- << - 5
Corn; Floodplain Forest----=eeccen-e- 17 (1) 2:8 < - -- <2 - 5
Corn; Wisconsine=-==-=- R 23 (1) 11:27 1.5 2,24 - 2 - 7
Cucumber; Wisconsin-=--- L 23 (1) 2:4 1.8 1.11 -- <2 2
Onion; Wisconsin-=-e-ccccacacccacana- 23 (1) 3:7 1.6 2.20 -- <2 5
Pepper, sweet; Wisconsin--=--~ec-eca- 23 () 4:4 4.2 1.52 -- 3 - 7
Potato; Wisconsin-=---c-ccececcacccas 23 (1) 5:10 1.7 3.73 -- 2 - 10
Tomato; Georgia----==cecccacacecccnan 14 (1) 19:30 2.4 2,54 -- 2 - 15
15 (1) 5:30 < .- -- <2 5
Native species
Black cherry, stems; Georgia=-e=-==-e 14 (1) 29:30 5.0 1.69 - < 15
15 (1) 28:30 6.1 1.99 - 2 - 15
Black cherry, leaves; Georgia=-====== 14 (1) 28:30 3.7 1.83 .- <2 30
15 (1) 28:30 5.1 1.92 -- <2 - 15
Blackgum, stems; Georgiaee~e-ce-ccaua 14 (1) 30:30 7.8 2,37 -- 2 - 100
15 (1) 30:30 7.9 1.70 -- 3 - 15
Blackgum, leaves; Georgig---e==e-ecee 14 (1) 29:30 6.4 2.13 -- <2 70
15 (1) 30:30 10 2,00 -- 3 - 50
Buckbush; Missouri
Glaciated Prajirie--~-~ececcvucce-- -~ 20 (1) 47:47 20 1.52 1.51 7 - 50
Unglaciated Prairie~-«=-~- .- 20 (1) 48:48 22 1.49 1.51 10 - 50
Cedar Glade~======c--cccccaccnnve -= 20 (1) 49:49 14 1.38 1.51 7 - 30
Oak-hickory Foreste=-ececcencacacacna 20 (1) 49:49 21 1.57 1.51 10 - 70
Oak-hickory-pine Forest-----a-ecc-a 20 (1) 41:41 19 1.72 1.51 7 50
Cedar, Missouri
Cedar Glade-===~=~= -~ ccmcrerncencan 20 (1) 50:50 7.5 1.76 1.51 3 30
Glaciated Prairfe---vewacwccuaa = 24 (1) 9:9 15 1.62 - 5 30
Unglaciated Prairie-e-eecccecccccax 24 (1) 10:10 12 1.73 -- 5 30
Cedar Glade------ mecesceescccenson= 24 (1) 10:10 5.9 1.93 - 3 15
Oak-hickory Forest-==-ce~eve=n ceea= 24 (1) 10:10 9.8 1.81 - 5 20
Oak-hickory-pine Forestesm=e=cvm=a- 24 (1) 6:6 6.3 2.36 -- 2 20
Hickory, pignut; Kentucky--===-=cae-- 18 (1) 64:64 7.0 1.86 1.52 2 - 50
Hickory, shagbark; Kemtucky-«-=--e--- 18 (1) 40:40 8.1 1.72 1.52 2 - 30
19 (2) 15:20 11 1.32 1.26 <10 - 21
Hickory, shagbark; Missouri
Oak-hickory Forest-«--evccvcccacacas 20 (1) 17:19 2.9 1.83 1.51 <2 10
Oak-hickory-pine Foreste«eec-ecce-e 20 (1) 6:7 2.9 1.92 1.51 < - 7

CHROMIUM
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TaBLE 17.—Chromium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

_analysis (ppm) tion (ppm)

PLANT ASH--Continued

Native species--Continued

Maple, red, stems; Georgia~=eevew-ae- 14 (1) 27:30 3.9 2.15 -- <2 -
15 (1) 29:30 4.6 1.77 - 2 -
Maple, red, leaves; Georgia------~--- 14 (1) 28:30 4,1 1.67 -- << -
15 (1) 30:30 6.0 1.80 - <2 -
Oak, black; Kentucky-~-e==sccoccnccan- 18 (1) 25:25 7.9 1.51 1.66 5 -
19 (2) 4:22 <10 - -- <10 -
Oak, post; Cedar Glade, Missouri----- 20 (1) 49:50 4.9 1.97 1.51 < -
Oak, red; Kentucky-----==cscsccccena. 18 (1) 28:28 7.6 1.95 1.66 3 -
19 (2) 2:8 <11 - -- <11 -
Oak, white; Kentucky~-==--=r-caccacac 18 (1) 49:49 9.6 2.00 1.66 3 -
19 (2) 24375 <7 .- -- <7 -
Oak, white; Missouri
Oak-hickory Foreste-=sececccmcccnna 20 (1) 46:50 3.5 1.85 1.51 <2
Oak-hickory-pine Forest-------ve--- 20 (1) 47:49 3.6 2.00 1.51 <2
Oak, willow; Floodplain Forest,
Missouri~~--- ,eena- ERR L R L 20 (1) 46:46 6.0 1.90 1.51 2 -
Persimmon, stems; Georgia------wce--- 14 (1) 28:30 4.0 1.81 -- <2
15 (1) 27:30 5.1 2.57 -- <2
Persimmon, leaves; Georgia---e--e-v=- 14 (V) 27:30 3.4 1.79 -~ <2
15 (1) 29:30 5.0 2,02 - <
Pine, shortleaf; Oak-hickory-pine
Forest, Missouri----eccccecccccrcao- 20 (1) 49:49 13 1.60 1.51 5 -
Sassafras, stems; Georgia------------ 14 (1) 16:17 10 1.99 -- <2
15 (1) 27:27 10 2.47 -- 2
Sassafras, leaves; Georgia-~--w------ 14 (1) 17:17 7.6 1.78 -- 3 -
15 (1) 27:27 13 1.90 - 3 -
Sumac, winged, stems; Georgia-------- 14 (1) 30:30 5.2 1.67 - 2 -
Sumac, winged, leaves; Georgia------- 14 (1) 30:30 5.2 1.67 - 2 -
15 (L) 27:30 4.0 2,07 -- < -
Sumac, smooth; Missouri
Floodplain Forest-----=ccecaccacca- 20 (1) 37:48 4.7 2.86 1.51 2 -
Glaciated Prairie------cccmcaccaea- 20 (1) 40:50 3.2 1.83 1.51 2 -
Unglaciated Prairie---ce=-cecacea—ao 20 (1) 36:49 3.3 1.98 1.51 <2 -
Cedar Glade~-=~==c-cecmccmcnccncanca 20 (1) 31:49 2.2 2.05 1.51 <
Oak-hickory Foreste=----s-cccmccoc.- 20 (1) 40:50 2.7 1.95 1.51 <
Oak-hickory-pine Forest-----=-m-an- 20 (1) 43:49 3.1 1.87 1.51 < -
Sweetgum, stems; Georgia----=----e--- 14 (1) 28:28 4.5 1.60 - 2 -
15 (1) 27:27 5.9 1.73 - 3 -
Sweetgum, leaves; Georgig----c-ew--a- 14 (1) 28:28 5.6 1.62 .- 2 -
15 (1) 27:27 9.1 2.19 -- 2 -
Sweetgum; Floodplain Forest, Missouri 20 (1) 47:47 3.9 1.84 1.51 2 -

CHROMIUM
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TasLE 18.—Cobalt in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed.
geometric deviation. Error, geometric error attributed to laboratory procedures.

figure column indicate no data available]

Mean, geometric mean. Deviation,

Leaders (--) in

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri--=e-ece-ceccccas 1 (1) 8:30 <3 - -- <3 - 7
Rhyolite
Precambrian; Missouri-««-e-ccccecece- 1 (1) 5:30 <3 - -- <3 - 5
Arkose
Fountain Formation; Colorado=~=~--=--~ 2 (2) 6:80 <1 -- - <1 - 9
Sandstone
Sauk sequence; Western United States- 3 (2) 281:400 1.6 2.76 1.59 <1 20
Roubidoux Formation; Missouri--e----- 4 (1) 1:12 <3 -- -- <3 - 3
Pope Megagroup;® Kentucky----===-o--- 5 (2) 43:120 1.9  2.87 1.34 <3 14
Peansylvanian; Kentucky---=-ceccecece- 5 (2) 85:152 2.4 2.98 1.33 <2 - 15
Pennsylvanian; Missouri, Kansas, and
Oklahomare-cecswan B e EE L 6 (1) 29:32 7.4 2.71 1.27 <3 - 15
Shale
Sauk sequence; Western United States- 3 (2) 275:336 13 1.69 1.17 <8 65
Lower Mississippian; Kentucky-~------ 8 (2) 60:76 9.5 1.67 - <8 - 30
Upper Mississippian; Kentucky----=---- 5 (2) 112:142 11 1.83 - <8 51
Mississippian; Missouri, Oklahoma,
and Arkangag-------cecccccccccce=- - 7 () 18:18 4.8 1.91 1.26 2 - 15
Pennsylvanian; Kentucky~~===«ccccmue= 5 (2) 100:152 9.0 2.17 1.31 <8 - 71
Pennsylvanian; Missouri, Kansas, and
Oklahoma===<csecceccaccacecccacmcnn 6 (1) 32:32 12 1.67 1.26 2 - 20
Black shale
Devonian and Mississippian; Keantucky- 9 (2) 52:88 8.1 3.31 1.20 <8 - 57
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 43392 <20 - - <20 - 23
Sauk sequence; Missouri and Arkansas- 4 (1) 4:48 <3 -- - <3 - 5
Upper Ordovician; Kentucky-=-<e-ee=-= 5 (1) 12:80 3.3 1.63 - <7 - 10
Tippecanoe sequence; Missouri-------« 10 (1) 1:12 <3 - - <3 - 3
Lower Mississippian; Kentucky--«~-=«-- 5 (1) 19:112 3.6 1.59 .- <7 - 10
Upper Migsissippian; Kentucky---==--- 5 (L) 8:152 <7 .- -- <7 - 10
Mississippian; Missouri, Oklahoma,
and Arkansag---v-=crccccecaw- mmmmea 7 (1) 2:40 <3 -- -- <3 - 5
Pennsylvanian; Kentucky--=-==--=cceea- 5 (1) 54380 7.1 1.61 1.20 <7 - 30
Pennsgylvanian; Missouri, Kansas, and :
Oklahoma--=eemcmcmacamncacccacannen 6 (1) 12:32 1.3 3.34 -- <3 - 7
Siderite
Upper Paleozoic; Kentucky~--«---- --== 11 (1) 14:30 5.5 1.90 - <7 - 15
! Of Swann and Willman (1961). COBALT
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TasLe 18.—Cobalt in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri-«--« 12 (1) 19:24 7.7 2.14 1.17 <3 - 50
On Roubidoux Formation; Missouri~---- 12 (1) 17:24 5.9 1.52 1.17 <3 - 15
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (1) 20:24 6.3 1.70 1.17 <3 - 20
On Osagean rocks; Missouri-e--ccccc-a 12 (1) 14:24 5.6 2,10 1.17 <3 - 20
On Meramecian rocks; Missouri-------- 12 (1) 21:24 6.7 1.87 1.17 <3 - 30
Loess
MisSouri=--eevecccccncencccacccacanan 13 (1) 24324 9.8 1.29 -- 7 - 15
SOILS
Cultivated
Plow zone, garden; Georgige--cececcw- 14 (1) 4330 1.3 2,68 -- <5 - 10
15 (1) 28:30 9.9 1.68 -- <5 - 30
Plow zone, corn field; Missouri
Floodplain Foreste--eceveccccncaccaa 17 (1) 6:8 5.2 1.51 1.20 <5 - 10
Glaciated Prajirje~====cccmcaccccean 17 (1) 10:10 8.1 1.28 1.20 5 - 10
Unglaciated Prairieev-c-evececcunua 17 (1) 10:10 9.7 1.81 1.20 5 - 30
Oak-hickory Forest====-==a== ememoa 17 (1) 10:10 8.7 1.41 1.20 5~ 15
Plow zone, soybean field; Missouri
Floodplain Foreste-~we=eccomcccacas 17 (1) 8:10 5.6 1.44 1.20 <5 - 10
Glaciated Prairie-~-vecceccccaccan- 17 (1) 10:10 10 1.42 1.20 5 - 15
Unglaciated Prajirie~«-<ccecccaccuaas 17 (1) 7:8 10 2.31 1.20 <5 - 50
Oak-hickory Forest-e-=ce-sccaccecax 17 (1) 9:9 7.7 1.42 1.20 5 - 15
Plovw zone, pasture field; Missouri
Floodplain Porest-=-==--- -————e——— 17 (1) 10:10 6.0 1.42 1.20 5 - 15
Glaciated Prairie-=-e-ccwwccacecana 17 (1) 10:10 8.7 1.46 1.20 5 - 20
Unglaciated Prairie~e--ceccecccmcaca 17 (1) 10:10 8.5 1.53 1.20 5 - 15
Oak-hickory Forest-~-=ce-e-cacnaces 17 (1) 10:10 8.8 1.48 1.20 5 - 15
Surface horizon; Missouri----c-ec-e--o 16 (1) 1,139:1,140 10 1.50 1.27 <3 - 30
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana---=-e-eccecwecaaa 25 (1) 46:48 6.2 1.36 1.09 <3 - 10
A horizon; Georgig~e-<crevcnvann seee= 14 (1) 6:30 1.5 3.08 - <S - 10
15 (1) 28:30 9.8 1.74 - <5 - 30
A horizom; Kemtucky---=sececccecaceca- 18 (2) 96:96 10 1.45 1.09 4 - 27
19 (2) 104:108 10 1.73 1.18 <3 - 33
B horizon; Georgia~----ve-ceena ——e=== 14 (1) 4330 1.0 3.19 - <5 - 10
15 (1) 29:30 10 1.81 - <5 - 30
B horizon; Kentucky----=cee-aa remmem- 18 (2) 96:96 8.4 1.39 1.09 2 - 17
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TaBLE 18.—Cobalt in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

F59

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion {ppm)
SOILS--Continued
Uncultivated ~-Cont inued
B horizon; Missouri
Floodplain Foregt=s-~-=cs=vcecocacan 20 (1) 50:50 8.3 1.72 1.29 3 - 30
Glaciated Prairie--<=-c-ccccecccnc.- 20 (1) 50:50 11 1.55 1.29 3 - 30
Unglaciated Prairie-~ce--=cccocccen 20 (1) 50550 14 1.83 1.29 3 50
Cedar Glade-«~=wv-cccvecmrccncnunna 20 (1) 50:50 9.5 1.48 1.29 5 30
Oak-hickory Forest--=-e=esscecamaan 20 (1) 49:50 10 1.71 1.29 <3 30
Oak-hickory-pine Foreste-==m-==-=w= 20 (L) 50:50 9.5 1.89 1.29 3 50
C horizon; Georgia-=-«ececcccccuncanna 14 (1) 7:30 1.9 2.60 - <5 - 10
15 (1) 11:30 11 1.64 -- <5 - 30
C horizon; Kentucky~-=ee-cc-cawew= --= 18 (2) 95:96 7.6 1.61 1.09 < 37
Cultivated and uncultivated
Surface horizon; Colorado~~r=~e==cc=- 22 (1) 109:168 5 1.66 1.15 <SS - 10
B horizon; Eastern United States----- 21 (1) 286:371 7 2,55 - <3 - 70
B horizon; Western United States----- 21 (1) 4452492 8 2.01 - <3 50
PLANT ASH
Cultivated plants
Bean, lima; Georgia~~=-vw=-== e memen~ 14 (1) 1:29 <7 -- -- <] - 10
15 (1) 5:15 4,6 1.63 - <7 - 10
Bean, snap; Georgige=ceccccceccnncaan 14 (1) 6:30 2.4 2.79 -- <7 - 15
15 (1) 15:30 6.2 3.31 - <7 - 70
Blackeyed pea; Georgia--c~=-=ecccu-a- 14 (1) 1:29 <7 -- -- <7 - 10
Cabbage; Georgids--=-ccrcrcccccncnnnn 15 (1) 1:30 <7 .- -- <7 - 10
Corn; Missouri
Floodplain Forest=---e=-e=vccncmcan 17 (3) :8 <1 -- - <1 - 1
Glaciated Prairie---cwe=ccccrcnccn-n 17 (3) 5:10 1.0 -- - <1 - 9
Unglaciated Prairie--«=--==-- cnenae 17 (3) 3:7 .50  4.06 1.24 <1 - 5
Oak-hickory Foregt-e-==ewreccaccana 17 (3) 2:10 <1 -- -- <1 - 2
Soybean; Missouri
Floodplain Forestes-e=-aceccca=-= === 17 (3) 7:10 1.0 -- - <1 - 6
Glaciated Prairie--ccwececcwacecucan 17 (3) 8:10 2.0 2.97 1.24 <1 - 8
Unglaciated Prairie-smcwecece-- weee== 17 (3) 6:8 2.1 3.75 1.24 <1 - 13
Oak-hickory Forest~=-ewercccccccnns 17 (3) 8:9 2.1 2.39 1.24 <1 - 12
Tomato; Georgia=wee----=-- S 15 (1) 1:30 <7 -- - <7 = 7
Native species
Black cherry, stems; Georgia---=---=-- 14 (1) 5:30 <7 - - <7 - 100
15 (1) 9:30 3.7 2.39 - <7 - 20
Blackgum, stems; Georgia~e-w-=w-cea-- 14 (1) 28:30 120 3.54 - <7 - 1,500
15 (1) 27:30 190 6.14 -- <7 - 1,500
Blackgum, leaves; Georgia----=--eocee 14 (1) 27:30 290 5.83 - <7 - 5,000
15 (1) 27:30 400 7.67 -- <7 - 10,000
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TABLE 18.—Cobalt in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (ppm) _ tion {ppm)

PLANT ASH--Continued

Native species--Continued
Buckbush; Missouri

Glaciated Prairie~--=-cocan-n. e=ee 20 (3) 47:47 4.0 1.43 1.41 2 - 8

Unglaciated Prairie--ce-cecceccacan 20 (3) 47:48 4.8 1.76 1.41 <1 18

Cedar Glade-=-=-ccccncncaccacncacea 20 (3) 50:50 4.4 1.42 1.41 2 - 12

Oak-hickory Forest-----es-ccemcea-- 20 (3) 49:49 4.7 1.68 1.41 2 - 20

Oak-hickory-pine Forest----=--eae-- 20 (3) 41:41 5.4 1.91 1.41 2 - 30
Cedar; Missouri

Cedar Glade-~~w=-cc-ceccaccncecaca= 20 (3) 45:50 1.2 1.48 - <1 - 4

Glaciated Prairie----c-cccmucccacn- 24 (L) 7:9 6.5 1.90 - <5 - 15

Unglaciated Prairie-=eeececcecvecace 24 (1) 3:10 2.1 3.68 .- <S - 15

Oak-hickory Forestee-c-ce-c-as vemea 24 (1) 2:10 1.9 2.43 .- <5 - 7

Oak-hickory-pine Forest---e-vece-a- 24 (1) 1:6 <5 -- -- <S - 10
Hickory, pignut; Rentucky-==-=--c-e-= 18 (1) 58:64 18 2,47 1.24 <7 - 150

19 (2) 72:88 23 1.70 1.09 <15 - 110
Hickory, shagbark; Kentucky---==-==-- 18 (1) 38:40 21 - 2.55 1.24 <] - 150

19 (2) 14:20 21 2.08 1.09 <15 - 100
Hickory, shagbark; Missouri

Oak-hickory Foreste-=<-eec-wccaas === 20 (3) 18:19 5.9 2.07 1.41 <1 - 16

Oak-hickory-pine Forest------eceac-- 20 (3) 7:7 7.4 1.93 1.41 2 - 16
Maple, red, stems; Georgia--~e-cc-ece- 14 (1) 1:30 <7 - - <7 - 10
Oak, black; Kentucky---e-s-ec-vcec-c-aa 18 (1) 19:25 8.1 1.71 1.20 <7 - 20

19 (2) 7:22 11 2,07 1.09 <15 - 37
Oak, post; Cedar Glade, Missouri----- 20 (3) 30:50 .95 1.97 1.41 <l - 4
Oak, red; Kentucky-==~ce=-ccenca. e-=== 18 (1) 18:28 7.7 2,20 1.20 <7 - 50

19 (2) 2:8 <15 - - <15 - 15
Oak, white; Kentucky-=====scccoccecas 18 (1) 22:49 5.7 2.02 1.20 <7 - 70

19 (2) 11:75 <7 -- -- <7 - 37
Oak, white; Missouri

Oak~hickory Forest~ee=-cseccecccacen 20 (3) 45:50 2.0 2.09 1.41 <1 - 9

Oak-hickory-pine Forest------cace-- 20 (3) 47:49 2.7 2.20 1.41 <1 - 12
Oak, willow; Floodplain Forest,

Missouri-crccemcocccncccmrocnecacann 20 (3) 44:46 .95 1.97 1.41 <1 - 12
Persimmon, stems; Georgiga-------~ ~e-e 14 (1) 5:30 <7 - -- <7 - 1,000

15 (1) 7:30 2,2 3.63 -- <7 - 30
Persimmon, leaves; Georgif----w-we-ae 14 (1) 3:30 <7 -- - <7 - 2,000
Pine, shortleaf; Oak-hickoz'y-pine

Forest, Missouri--=--ceccaccacaccan 20 (3) 49:49 9.7 1.75 1.41 2 - 30
Sagebrush; Powder River Basin;

Wyoming and Montana------«e-ccce-=a 25 (3) 43:43 2.0 1.74 -- 1- 6
Sassafras stems; Georgia~-«-s-cec-ecea 15 (1) 1:27 <7 -- -- <7 - 15
Sumac, smooth; Missouri

Floodplain Foreste---e~-cceccaccaan 20 (3) 23:48 .75 2,80 1.41 <1 7

Glaciated Prairie----c-ccmcea-- ~e=< 20 (3) 18:50 .65 1.88 1.41 <1 3

Unglaciated Prairie~eecew-e R 20 (3) 23:49 .78 2.10 1.41 <1 4

Cedar Glade~=-=w-ccmcenccacacan == 20 (3) 16:49 .71 1.42 1.41 <1 - 2

Oak-hickory Forest--e=-ea--ceccercnas 20 (3) 35:50 1.1 1.75 1.41 <1 - 3

Oak-hickory-pine Forest-<---- mmoea 20 (3) 30:49 .97 2,17 1.41 <1 - 7
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‘TABLE 18.—Cobalt in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
PLANT ASH--Continued
Native species--Continued
Sweetgum, stems; Georgia-------=--- -- 14 (1) 6:28 2.0 3.72 -- <7 - 30
15 (1) 3:27 2.5 1.92 -- <7 - 10
Sweetgum, leaves; Georgig---=~~-==~==- 14 (1) 2:28 <7 -- -- <7 - 7
Sweetgum; Floodplain Forest, Missouri 20 (3) 37:47 1.5 2.36 1.41 <l - 11

TaBLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings:
parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.

geometric deviation.
figure column indicate no data available]

Study No. refers to study described in text; method of amalysis (in
Ratio, number of samples in which the element was
Mean, geometric mean.
Error, geometric error attributed to laboratory procedures.

Deviationm,
Leaders (--) in

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS
Granite
Precambrian; Missouri----ee-ceccccc-- 1 (1) 28:30 2.2 1.98 1.18 <1 - 10
Rhyolite
Precambrian; Missouri-------- meem——- 1 (1) 20:30 1.6 2.18 1.18 <F - 7
Arkose
Fountgin Formation; Colorado-------=- 2 (2) 80:80 8.1 1.70 1.36 2 - 26
Sandstone
Sauk sequence; Western United States- 3 (2) 380:400 5.0 2.76 1.79 <L ~- 210
Roubidoux Formation; Missouri-------- 4 (1) 8:12 1.2 2.14 1.23 <1 - 5
Pope Megagroup;! Kentucky-----=~--= -~ 5 (2) 120:120 8.0 1.75 1.30 3 - 47
Pennsylvanian; Kentucky---=---cvcw=e- 5 (2) 152:152 7.7 1.59 1.27 1 - 27
Pennsylvanian; Missouri, Kansas, and
Oklahoma--=~-cvccecccanannan meme-e 6 (1) 32:32 8.4 2.52 1.23 1.5 - 30
Chert
Mississippian; Missouri, Oklahoma,
and Arkansas---=-----e-c--- cmmmma—- 7 (1) 12:20 1.1 2.02 1.23 <1 - 5
Shale
Sauk sequence; Western United States- 3 (2) 305:336 14 2.75 1.12 <3 - 98
Lower Mississippian; Kentucky-------=- 8 (2) 73:76 14 2.04 -- <3 - 55
Upper Mississippian; Kentucky-=------- 5 (2) 137:142 16 1.94 -- <4 - 60
Mississippian; Missouri, Oklahoma,
and Arkansag----=-=-c~cccccccocaa- - 6 (1) 18:18 13 2.83 1.23 5 - 100

1 Of Swann and Willman (1961).
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TABLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis {ppm) tion (ppm)
ROCKS -~Cont inued
Black shale
Devonian and Mississippian; Kentucky- 9 (2) 88:88 130 1.62 1.06 25 - 400
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 302:392 2.3 4.33 1.60 <1 - 94
Sauk sequence! Missouri and Arkansas- 4 (1) 39:48 2.0 2,53 1.30 <F - 20
Upper Ordovician; Kentucky--e-c-cwe-- - 5 (1) 78:80 5.3 1.78 1.36 <2 - 20
Tippecanoe sequence; Missouri--==--=-- 10 (1) 6:12 .84 3.51 1.30 <1 = 5
Lower Mississippian; Kentucky~=====-= 5 (L 108:112 4.0 2.09 1.56 <2 - 70
Upper Mississippian; Kentucky=--=~~=~-- 5 (1) 120:152 2.6 1,90 1.47 L - 15
Mississippian; Missouri, Oklahoma,
and Arkansag----e~cmceccaccococaaas 7 (L) 20:40 .85 2,04 1.30 <1 - 7
Pennsylvanian; Kentucky-e«-cecccaonaa 5 (1) 80:80 12 1.77 1.26 2 - 50
Pennsylvanian; Missouri, Kansas, and
Oklahoma====cemmccnencconnax emem—— 6 (1) 32:32 3.5 2.14 1.30 1.5 - 15
Siderite
Upper Paleozoic; Kentucky-=-=«sseea-s 11 (1) 30:30 12 1.92 - 2 - 50
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missourie---- 12 (1) 24:24 36 1.81 1.18 15 - 100
On Roubidoux Formation; Missouri----- 12 (1) 24:24 21 2.04 1.18 7 - 150
On Jefferson City, Cotter, and Powell
Formations; Missouri---eewecccccccaa 12 (1) 24:24 22 1.48 1.18 10 - 50
On Osagean rocks; Missouri-evececec-. 12 (1) 24:24 18 1.30 1.18 15 - 30
On Meramecian rocks; Missouri-----=--- 12 (1) 24:24 17 1.36 1.18 10 - 30
Loess
Missouri-=-ec-cece-- wemmccasn v cenn.— 13 (1) 24:24 18 1.31 -~ 10 - 30
SOILS
Cultivated
Plow zone, garden; Georgia~swe=wcn—u- 14 (6) 30:30 9.9 1.85 - 2 - 50
15 (6) 30:30 39 2,01 -~ 15 - 700
Plow zone, comm field; Missouri
Floodplain Forest--~=-~-=-= comcemeens 17 (1) 8:8 11 1.82 1.14 3 - 20
Glaciated Prairie~=e=--ceccccncccna 17 (1) 10:10 18 1l.41 1.14 10 - 30
Unglaciated Prairie-~«-svececmceas -= 17 (1) 10:10 14 1.33 1.14 10 - 20
Oak-hickory Forest==~~==ccececcncaccn 17 (1) 10:10 19 1.51 1.14 10 - 50
Plow zone, soybean field; Missouri
Floodplain Forest<-ec=ecresceccecaas 17 (1) 10:10 12 1.53 1.14 5 - 20
Glaciated Prairie~--e~eccercccaccan 17 (1) 10:10 19 1.13 1.14 15 - 20
Unglaciated Prairie-===c-=«- c-——c-- 17 (1) 8:8 14 1.34 1.14 10 - 20
Oa2k-hickory Forest===--- LR LD L LD 17 (1) 9:9 16 1.33 1.14 10 - 20
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TABLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
SOILS--Continued
Cultivated--Cont inued
Plow zone, pasture field; Missouri
Floodplain Forest~=-<m-=ecccccccea- 17 () 10:10 12 1.54 1.14 7 - 30
Glaciated Prairie=-=---we-ccecccce-- 17 (1) 10:10 18 1.16 1.14 5 - 20
Unglaciated Prairfe--==--cvcccane-- 17 (1) 10:10 16 1.23 1.14 10 - 20
Oak-hickory Forest-~----c-ecccecec-- 17 (1) 10:10 16 1.25 1.14 10 - 20
Surface horizon; Missouri------ce---- 16 (1) 1,140:1,140 13 1.55 1.28 5 - 150
Uncultivated
Surface horizon; Powder River Basinm,
Wyoming and Montana-=--«-ecoccscecca 25 (1) 48:48 14 1.63 1.15 3 - 30
A horizon; Georgia--=~-~ecccovacccna. 14 (6) 30:30 8.7 1.77 - 3 - 50
15 (6) 30:30 26 1.72 -- 15 - 100
A horizon; Kentuckye-~<=c-cecc=eaceac 18 (2) 96:96 13 1.40 1.05 7 - 42
19 (2) 108:108 12 1.32 1.10 6 - 26
B horizon; Georgia-~-~~=reorcncecconaa 14 (6) 30:30 8.8 1.77 - 3 - 50
15 (6) 30:30 29 1.80 -- 15 - 100
B horizon; Kentucky~=~-=-ceccacccanues 18 (2) 96:96 20 1.51 1.05 8 - 100
B horizon; Missouri
Floodplain Forest-=~=e==eccccccen=- 20 (1) 50:50 15 1.99 1.54 3 - 100
Glaciated Prairie~----=-wccce-nccea 20 (1) 50:50 23 1.66 1.54 10 - 70
Unglaciated Prairie---e<=cec-ccaca- 20 (1) 50:50 18 1.63 1.54 7 - 50
Cedar Glade--~~--cccccecaccuccncacn 20 (1) 50:50 17 1.94 1.54 7 - 100
Oak-hickory Foregt==-==-c-ca-eccaex 20 (1) 50250 13 1.99 1.54 3 - 70
Oak-hickory-pine Forest==-=~==e==e=- 20 (1) 50:50 12 1.88 1.54 5 70
C horizon; Georgia==---=cevccccaccean 14 (6) 30:30 11 2.04 - 3 - 50
15 (6) 30:30 33 1.88 - 10 - 100
C horizon; Kentucky-~-=-c-ceccccccans 18 (2) 96:96 19 1.63 1.05 5 = 300
Cultivated and uncultivated
Surface horizon; Colorado~=s-==c=caa- 22 (1) 168:168 13 2.17 1.31 3 - 100
B horizon; Eastern United States===--- 21 (6) 361:371 14 2.54 - <1 - 150
B horizon; Western United Statas=--~~- 21 (6) 492:492 21 2.00 - 2 - 300
PLANT ASH
Cultivated plants
Asparagus; Wisconsine-===ecccaccee- -= 23 (6) 5:5 93 1.34 - 70 - 150
Bean, lima; Georgige~<----c-<ceccccancaa 14 (6) 30:30 93 1.29 - 70 - 150
15 (6) 15:15 94 1.34 -- 70 - 150
Bean, snap; Georgia---=--c-cecceccaaa. 14 (6) 30:30 85 1.47 - 30 - 200
15 (6) 30:30 110 1.40 - 70 - 300
Beet, red; Wisconsin«---=cccwcccncaa- 23 (6) 3:3 73 1.74 -- 40 - 120
Blackeyed pea; Georgia~~-<~<c<ececceca 14 (6) 29:29 96 1.37 - 70 - 150
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‘T'ABLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and ' Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (ppm) tion (ppm)

PLANT ASH--Continued

Cultivated plants--Continued

Cabbage; Georgia----- sescmecuaa —ecme- 14 (6) 28:28 22 1.57 -- 10 - 70
15 (6) 30:30 21 2.04 -- 10 - 300
Cabbage; Wisconsin-~--=recccccacecaa. 23 (6) 11:11 29 2.03 -- 20 - 150
Carrot; Wiscongin-~-==-ce-ecca-e ==== 23 (6) 8:8 110 1.43 -- 20 - 120
Corn; Georgia=e=«e-=-cececcncccencanae 14 (6) 29:29 100 1.35 -- 7 - 150
15 (6) 30:30 94 1.37 -- 50 - 150
Corn; Missouri
Floodplain Foregte=-=-===c<<ccnccua- 17 (1) 8:8 70 1.30 1.25 50 - 100
Glaciated Prairie~--=-- ceraccmanana 17 (1) 10:10 69 1.49 1.25 30 - 100
Unglaciated Prairie-=~-ree~eccceeca- 17 (1) 10:10 94 . 1.35 1.25 70 - 150
Oak-hickory Foregt=-=----«- emee=ne= 17 (1) 10:10 81 1.42 1.25 50 - 150
Corn; Wisconsin--«=--- et == 23 (6) 27:27 150 1.37 - 60 - 220
Cucumber; Wiscongsin-~=-vce-c-- mmeeeea 23 (6) 434 77 1.38 - 60 <~ 120
Onion; Wiscongin-=e--==-ccecaa- meemanea 23 (6) 7:7 96 1.62 .- 40 - 150
Pepper, sweet; Wiscongine-===-== w=ee= 23 (6) 4:4 98 1.26 - 80 - 120
Potato; Wisconsin-<======a ceceecenen -= 23 (6) 10:10 94 1.57 - 40 - 150
Soybean; Missouri
Floodplain Forest---~-cocecaccccn. -- 17 (1) 10:10 170 1.26 1.25 100 - 200
Glaciated Prairie~--cc-caccoua- === 17 (1) 10:10 180 1.26 1.25 100 - 200
Unglaciated Prairie---c-eccecccccaa. 17 (1) 8:8 210 1.30 1.25 150 - 300
Oak-hickory Forest====-=eecccccccus 17 (1) 9:9 230 1.30 1.25 150 - 300
Tomato; Georgia--e-<-vewemcccmcccncanca- 14 (6) 30:30 79 1.48 -- 30 - 150
15 (6) 30:30 86 1.71 -- 50 - 500
Native species
Black cherry, stems; Georgia----=c=-- 14 (6) 30:30 170 1.60 - 70 - 500
15 (6) 30:30 180 1.52 -- 100 - 7,000
Black cherry, leaves; Georgia=-=~---- 14 (6) 30:30 77 1.50 - 30 - 300
15 (6) 30:30 69 1.39 -- 30 - 150
Blackgum, stems; Georgia----- cmcmcane 14 (6) 30:30 240 1.88 -- 20 - 700
15 (6) 30:30 270 1.80 -- 7 - 700
Blackgum, leaves; Georgia----~we-c~w- 14 (6) 30:30 130 1.90 .- 70 - 2,000
15 (6) 30:30 100 1.37 -- 50 - 200
Buckbush; Missouri
Glaciated Prairie-==~--~-- L EELE LT == 20 (1) 47:47 190 1.61 1.36 100 - 1,500
Unglaciated Prairie---=ec-we-- e==e= 20 (1) 48:48 200 1.46 1.36 100 - 700
Cedar Glade-~-=~==ecvcnccccccnnan -== 20 (1) 49:49 160 1.32 1.36 100 - 300
Oak-hickory Forest-=~-cecreccecccacan 20 (1) 49:49 180 1.45 1.36 100 - 700
Oak-hickory-pine Forest~-~--w-emwas 20 (1) 41:41 160 1.40 1.36 100 - 500
Cedar; Missouri
Cedar Glade-+=--~=-emeccacmcnncaccan 20 (1) 50:50 50 1.63 1.36 20 - 200
Glaciated Prairie--~--cvacccccaaaa. 24 (1) 9:9 110 1.35 -- 7 - 150
Unglaciated Prairfee---ccccecaa-- -= 24 (1) 10:10 97 1.32 -- 70 - 150
Cedar Glade-====c==comcancacccanana. 24 (1) 10:10 59 1.27 - 50 - 100
Oak-hickory Forest---=cceccucccacan 24 (1) 10:10 66 1.71 -- 36 - 150
Oak-hickory-pine Forest-<-~m-ewecea- 24 (1) 6:6 79 1.33 -- 50 - 100
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TABLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study .

No. and Observed
Sample, and collection locality method of Ratio Mean ‘Devia- Error range

analysis (ppm) tion (ppm)_

PLANT ASH--Continued

Native species--Continued

Hickory, pignut; Kentucky~--~-==ecc=eas 18 (1) 64:64 110 1.54 1.17 50 - 500
19 (2) 88:88 98 1.49 1.10 46 - 500
Hickory, shagbark; Kentucky~===-====-== 18 (1) 40:40 130 1.52 1.17 50 - 500
19 (2) 20:20 96 1.33 1.10 55 - 160
Hickory, shagbark; Missouri
Oak-hickory Forest-=e=-=~ea-veccc-a 20 (1) 19:19 90 1.53 1.36 50 - 200
Oak-hickory-pine Foregt~~-====~ce=-- 20 (1) 7:7 100 1.25 1.36 70 - 150
Maple, red, stems; Georgia~-~-=-===--- 14 (6) 30:30 150 1.27 - 100 - 300
15 (6) 30:30 150 1.51 -- 70 - 500
Maple, red, leaves; Georgig==«==~c-~-- 14 (6) 30:30 140 1.86 -- 20 - 300
15 (6) 30:30 150 1.45 -- 70 - 300
Oak, black; Kentucky--=-===eecccawcecaa 18 (1) 25:25 120 1.68 1.23 70 - 500
19 (2) 22:22 99 1.21 1.10 61 - 150
Oak, post; Cedar Glade, Misgouri----- 20 (1) 50:50 130 1.49 .1.36 50 - 500
Oak, red; Kentucky-=-====--- cmmmmmnen 18 (1) 28:28 120 1.33 1.23 70 - 200
19 (2) 8:8 95 1.31 1.10 60 - 120
Oak, white; Kentucky===-==receccccacan 18 (1) 49:49 130 1.31 1.23 70 - 200
19 (2) 75:75 120 1.20 1.10 60 - 180
Oak, white; Missouri
Oak-hickory Foregt=~~==ce-cocccanx 20 (1) 50:50 130 1.57 1.36 50 - 300
Oak-hickory-pine Foregt-==<=-====a- 20 (1) 49:49 140 1.34 1.36 70 - 200
Oak, willow; Floodplain Forest,
© Missouri~-e---ccccccecccccccnnccaa. 20 (1) 46346 200 1.61 1.36 7 - 700
Persimmon, stems; Georgia=--«-=--~<-=e 14 (6) 29:30 230 2.00 -- <10 - 2,000
15 (6) 30:30 250 1.59 .- 100 - 700
Persimmon, leaves; Georgia--~====-v-- 14 (6) 30:30 70 1.52 - 20 - 150
15 (6) 30:30 64 1.49 .- 20 - 100
Pine, shortleaf; Oak-hickory-pine
Forest, Misgouri-<--==csmccecccccona" 20 (1) 49:49 160 1.44 1.36 50 - 500
Sassafras, stems; Georgia=--~-<--vw-e- 14 (6) 17:17 160 2.63 -- 20 - 1,500
15 (6) 27:27 170 1.34 - 100 - 300
Sassafras, leaves; Georgia------=---- 14 (6) 17:17 140 2.21 -- 50 - 1,500
15 (6) 27:27 120 1.34 - 70 -+ 200
Sumac, winged, stems; Georgia~~--~--- 14 (6) 30:30 160 1.56 - 70 - 500
15 (6) 30:30 160 1.49 - 70 - 300
Sumac, winged, leaves; Georgia--~---- 14 (6) 30:30 86 1.47 -~ 30 - 150
15 (6) 30:30 84 1.44 - 50 - 200
Sumac, smooth; Missouri
Floodplain Foregst-------cemcecccccas 20 (1) 48:48 110 1.40 1.36 50 - 200
Glaciated Prairie~=-==ceeccccocccn- 20 (1) 50:50 110 1.41 1.36 50 - 200
Unglaciated Prairie---ce=eecececcceca- 20 (1) 49:49 100 1.46 1.36 30 - 150
Cedar Glade~===weeccccmccccncncauan - 20 (1) 49:49 86 1.58 1.36 30 - 300
Oak-hickory Foregt-=-e-c<cesccacaa= 20 (1) 50:50 89 1.43 1.36 50 - 200
Oak-hickory-pine Foregt-=-«e--vwones 20 (1) 49:49 97 1.51 1.36 50 - 300

COPPER
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TaBLE 19.—Copper in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed

Sample, and collection locality method of Ratio Mean Devia~ Error range

_analysis (ppm) tion (ppm)

PLANT ASH--Continued
Native species-~Continued

Sweetgum, stems; Georgia-------=~c=es 14 (6) 28:28 130 2.20 - 30 - 3,000
15 (6) 27:27 150 1.46 - 50 - 300
Sweetgum, leaves; Georgia---e----- === 14 (6) 28:28 130 1.92 - 70 - 2,000
: 15 (6) 27:27 130 1.42 -- 70 - 200
Sweetgum; Floodplain Forest, Missouri 20 (1) 47:47 130 1.90 1.36 20 - 700

TaBLE 20.—Fluorine in rocks, unconsolidated geologic deposits, soils, and dry plants

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in

parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.

geometric deviation. Error, geometric error attributed to laboratory procedures.

figure columm indicate no data available]

Mean, geometric mean.
Leaders (--) in

Ratio, number of samples in which the element was

Deviation,

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion __(ppm)
ROCKS
Granite
Precambrian; Missouri~--ec<ceccccceqe 1(9) 28:30 390 3.59 3.48 <10 - 1,400
Rhyolite
Precambrian; Missouri-e=-=-mccaccacan 1 (9) 29:30 350 2.87 3.48 <10 -~ 1,400
Sandstone
Roubidoux Formation; Missouri--=--w=-- 4 (9) 6:12 9.8 4.83 1.34 <10 - 90
Pennsylvanian; Missouri, Kansas, and
Oklahomg==-==~v-cecmccncncccncnncan 6 (9) 29:32 120 4.07 1.34 <10 - 920
Chert
Mississippian; Missouri, Oklahoma,
and Arkangag-----=-eccccceccnccacan 7 (9) 6:20 <10 - - <10 - 50
Shale
Pennsylvanian; Missouri, Kansas, and
Oklahomg=======cecececcccnancnucana 6 (9) 32:32 700 1.66 2.28 300 - 1,400
Limestone and dolomite
Sauk sequence; Missouri and Arkansas- & (9) 45:48 89 3.03 1.63 <10 - 340
Tippecanoe sequence; Missouri-----=--- 10 (9) 10:12 67 5.77 1.63 <10 - 620
Mississippian; Missouri, Oklahoma,
and Arkansgg---------=renceccnmmecnn 7 (9) 27:40 38 6.01 1.63 <10 - 830
Pennsylvanian; Missouri, Kansas, and
Oklahomg~~=~=-=remcemccenccnceccnua 6 (9) 29:32 100 3.46 1.63 <10 - 450

COPPER, FLUORINE
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TABLE 20.—Fluorine in rocks, unconsolidated geologic deposits, soils, and dry plants—Continued

F67

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) __ tion (ppm)
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (9) 24:24 820 1.82 1.26 330 - 5,900
On Roubidoux Formation; Missouri----- 12 (9) 24:24 770 2.09 1.26 100 - 2,800
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkamsas-- 12 (9) 24:24 1,000 1.40 1.26 500 - 1,800
On Osagean rocks; Missouri==e==--- == 12 (9) 24:24 700 1.48 1.26 360 - 1,900
On Meramecian rocks; Missouri~-e--<-- 12 (9) 24:24 770 1.42 1.26 390 - 1,800
Loess
Missouri~=<-wen-- L L LT L L L L] 13 (9) 24:24 290 1.47 -- 150 - 460
SOILS
Cultivated
Plow zone, corn field; Missouri
Floodplain Forest--=--- e et 17 (9) 8:8 210 1.82 1.86 110 - 590
Glaciated Prairie===-===-cecccccacaaa 17 (9) 10:10 440 1.95 1.86 240 - 2,020
Unglaciated Prairie--=----ecccwecee. 17 (9) 10:10 220 1.57 1.8 120 - 520
Oak-hickory Forest==-w=cvcecccnccn=- 17 (9) 10:10 200 1.56 1.86 70 - 330
Plow zone, soybean field; Missouri
Floodplain Forest-=<=--ewenccccancs 17 (9) 10:10 160 1.89 1.86 70 - 420
Glaciated Prairie-==--~s- SRR TS LR 17 (9) 10:10 360 1.43 1.86 220 - 890
Unglaciated Prairie---=~=cccccccnus 17 (9) 8:8 220 1.63 1.86 100 - 540
Oak-hickory Foreste=e-eceemcvas ~==== 17 (9) 9:9 250 1.76 1.86 110 - 640
Plow zone, pasture field; Missouri
Floodplain Forest-~-~cecccccecccaas 17 (9) 10:10 170 1.93 1.86 60 -~ 580
Glaciated Prairie~=-~--- T 17 (9) 10:10 290 1.60 1.86 140 - 780
Unglaciated Prairie~=-cceccccenccas 17 (9) 10:10 290 2.32 1.86 140 - 2,310
Oak-hickory Foreste==~-- mmmmecen——- 17 (9) 10:10 240 1.73 1.86 100 - 530
Surface horizon; Missouri----- cmemm—— 16 (9) 1,140:1,140 270 2.22 1.86 10 - 6,400
Uncultivated
B horizon; Missouri
Floodplain Forest=~-~- —eme—- cemmne 20 (9) 50:50 250 2.21 2.43 30 - 1,900
Glaciated Prairie~---e=mem=vc-- an=ee 20 (9) 50:50 480 1.54 2.43 190 -~ 1,100
Unglaciated Prairie-=--ec-ceccenccnas 20 (9) 50:50 360 1.71 2.43 110 - 950
Cedar Glade~===srec=eeccmcan= cmm——- 20 (9) 50:50 410 2.18 2.43 40 - 480
Oak-hickory Foreste=re-seccccccacaa 20 (9) 50:50 190 2.40 2.43 50 - 1,800
Oak-hickory-pine Foreste====eee=-== 20 (9) 50:50 160 2.66 2.43 10 - 1,000
Cultivated and uncultivated
Surface horizon; Colorado-=-~e==ccn=- 22 (9) 168:168 420 2.21 1.33 40 - 2,840
B horizon; Eastern United States===~-= 21 (9) 374:420 120 4,38 -- <10 - 3,680
B horizon; Western United States~---- 21 (9) 479:491 250 2.66 - <10 - 1,900

FIUORINE
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TaABLE 20.—Fluorine in rocks, unconsolidated geologic deposits, soils, and dry plants—Continued

Study
No. and Obgerved
Sample, and collectiom locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
DRY PLANTS
Cultivated plants
Corn; Missouri
Floodplain Forest~---=--=-ceccsceccn- 17 (9) 1:8 <0.5 - - <0.5 - 0.5
Glaciated Prairie~-~eececececeacccceas 17 (9) 1:10 <.5 -~ -- <.5 = .5
Unglaciated Prairie~=eec-e=-- cmmcn= 17 (9) 1:10 <.5 -- -- <.5 = .5
Oak-hickory Forest~---=--eca-ccc--- 17 (9) 2:10 43 1.12 -~ <.5 =~ ]
Soybean; Missouri
Floodplain Forest-=-=~ew-eccecemccaa 17 (9) 5:10 46 1.86 -- <5 - 1
Glaciated Prairie--e=~-~ccceccec-ac 17 (9) 5:10 47 1.07 -- <5 - .5
Unglaciated Prairie--====me-ccncae. 17 (9) 6:8 49 1.04 -- <.5 - -]
Oak-hickory Forest=-<e-=eececccnccna 17 (9) 3:9 <.5 - - <.5 1
Native species
Buckbush; Missouri
Glaciated Prairie~~----- R 20 (9) 11:11 1.6 1.49 - 1 - 3
Unglaciated Prairie--ecceccevcccaaa 20 (9) 3:3 1.4 2.56 - 5 - 3
Cedar Glade-v==c=m~erccvccccceccana 20 (9) 5:5 1.1 1.79 - 5 - 2
Oak-hickory Foregt--==cvm-ce-accaca 20 (9) 13:13 1.4 1.64 -- S5 - 3
Oak-hickory-pine Forest---s<=cc=ca= 20 (9) 7:7 1.3 1.45 - 1 - 2
Cedar; Cedar Glade, Missouri-~--=-- -=-20 (9) 11:11 1.6 1.58 - b O 3
Hickory, shagbark; Oak-hickory
Forest, Missouri---=--- vremecas- == 20 (9) 3:4 .78 1.54 -- <.5 - 1
Oak, post; Cedar Glade, Missouri----- 20 (9) 6:6 1.1 1.69 - .5 - 2
Oak, white; Missouri
Oak-hickory Forest-e-~=s~ceccecaucas 20 (9) 10:12 .5 - .- <.5 - 1
Oak-hickory-pine Foregt-<~<~-=~<ee= 20 (9) 10:11 .71 1.49 -- <.5 - 1
Oak, willow; Floodplain Forest,
Migssouri-«--scecceccmcecnncncccccean 20 (9) 9:11 77 1.72 -- <.5 = 2
Pine, shortleaf; Oak-~hickory-pine
Forest, Missouri--=--=vecceccccccca. 20 (9) 424 .84 1l.41 -- 5 - 1
Sumac, swooth; Missouri
Floodplain Forest--««<-+-c-eccecu-n 20 (9) 7:9 .5 -- - <.5 = 1
Glaciated Prairie~---=w-evecevcvacea 20 (9) 5:8 .5 - -- <5 - 1
Unglaciated Prairie--~-=evececcecce- 20 (9) 9:11 .5 -- - <.5 - 1
Cedar Glade~=~=--c-me-w-vccecrocncun 20 (9) 10:11 .76 1.67 -- <5 - 2
Oak-hickory Forest-~=====ve-=mcecex 20 (9) 5:9 .5 .- -- <5 =~ 1
Oak-hickory-pine Forest--======--- -= 20 (9) 5:8 .5 -- - <.5 - 1
Sweetgum; Floodplain Forest, Missouri 20 (9) 11:14 .66 1.58 -- <.5 - )

FLUORINE



GEOCHEMISTRY OF SOME ROCKS, SOILS, AND PLANTS IN THE UNITED STATES

TaBLE 21.—Gallium in rocks, unconsolidated geologic deposits, soils, and plant ash

F69

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in

parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.
geometric deviation. Error, geometric error attributed to laboratory procedures.

figure colum indicate no data available]

Mean, geometric mean.
Leaders (--) in

Ratio, number of samples in which the element was

Deviation,

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion —(ppm)
ROCKS
Graunite
Precambrian; Missouri-----e--c-ceaaas 1 Q1) 30:30 29 1.11 1.14 20 - 30
Rhyolite
Precambrian; Missouri«~-=e~--= cmwemea 1 Q) 30:30 28 1.20 1.14 15 - 30
Arkose
Fountain Formation; Colorado~===-==== 2 (2) 69:80 7.6 1.87 1.33 <3 - 23
Sandstone
Sauk sequence; Western United States- 3 (2) 108:400 <2 -- - <2 25
Pope Megagroup;! Kentucky---=====-=-=- 5 (2) 13:120 1.5 2,91 1.08 <8 - 13
Pennsylvanian; Kentucky--=---<e==ce-- 5 (2) 70:152 3.8 2.86 1.22 <5 21
Pennsylvanian; Missouri, Kansas, and
Oklahomg~===~-ececccnmcmccvncnnncas 6 (1) 29:32 10 2.06 1.05 <5 - 30
Shale
Sauk sequence; Western United States- 3 (2) 306: 336 24 1.65 1.13 <10 - 48
Lower Mississippian; Kentucky--==-=--- 8 (2) 62:76 15 1.66 -—- <10 30
Upper Mississippian; Kentucky-~=-<<<=-= 5 (2) 138:142 22 1.38 - <10 36
Mississippian; Missouri, Oklahoma,
and Arkansag-==-cecwecccncccencncn= 7 (1) 18:18 16 1,81 1l.14 7 50
Pennsylvanian; Kentucky-=-«+=cececca- 5 (2) 144:152 26 1.54 1.11 <11 60
Pennsylvanian; Missouri, Kansas, and
Oklahoma-~=-=vcecceccncnccnccnnnaan 6 (1) 32:32 30 1.45 1.14 15 - 50
Black shale
Devonian and Mississippian; Kemtucky- 9 (2) 87:88 22 1.25 1.11 <15 - 33
Limestone and dolomite
Sauk sequence; Westerm United States- 3 (2) 35:392 <10 -- - <10 - 20
Sauk sequence; Missouri and Arkansas- &4 (1) 2:48 <5 -- - <5 - 17
Upper Ordovician; Kentucky-=-====e--= 5 (1) 12:80 5.4 1.49 - <10 15
Tippecanoe sequence; Missouri----=--- 10 (1) 1:12 <5 -- - <S5 7
Lower Mississippian; Kentucky---<---- 5 Q) 19:112 5.6 1.50 -- <10 15
Upper Mississippian; Kentucky--~=--=-- 5 Q1) 11:152 <10 - - <10 20
Mississippian; Missouri, Oklahoma,
and Arkansag----~=-=-- cecemmsccmnna- 7 (1) 2:40 <5 -- -- <5 7
Pennsylvanian; Kentucky--~-==ccccaca- 5 (1) 52:80 10 1.71 1.34 <10 20
Pennsylvanian; Missouri, Kansas, and
Oklahoma--=e~ercercccconnen cmmemeew 6 (1) 8:32 2.2 2.34 -- <5 - 10
Siderite
Upper Paleozoic; Kentucky-====-=-«cm-x 11 (1) 28:30 13 1.66 -- <10 - 50
! Of Swann and Willman (1961). GALLIUM
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TasLE 21.—Gallium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

_analysis (ppm) tion (ppm)

UNCONSOLIDATED GEOLOGIC DEPOSTIS

Carbonate residuum (terra rossa)

On Gasconade Formation; Missouri----- 12 (1) 24:24 20 1.49 1.19 10 - 50
On Roubidoux Formation; Missouri----- 12 (1) 23:24 16 1.67 1.19 <5 - 30
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (1) 24:24 21 1.39 1.19 10 - 50
On Osagean rocks; Missouri--e--=----- 12 (1) 24:24 26 1.33 1.19 20 - 50
On Meramecian rocks; Missouri----=<-« 12 (1) 24:24 26 1.39 1.19 15 - 50
Loess
MisSOUrfi=-c-=eemccmceccnmceracencncacan 13 (1) 24:24 16 1.15 - 15 - 20
SOILS
Cultivated
Plow zone, garden; Georgia=-=--===--- 14 (1) 8:30 <1.5 -- -- <1.5 - 10
15 (1) 30:30 20 1.78 -- 3 « 50
Plow zone, corn field; Missouri
Floodplain Forest==-==-=ceeccceccacs 17 (1) 8:8 12 1.23 1.19 10 15
Glaciated Prairie-----c-seecwacca-o 17 (1) 10:10 15 1.21 1.19 10 20
Unglaciated Prairiee-=-eccceccencans 17 (1) 10:10 11 1.35 1.19 7 =~ 15
Oak-hickory Forest---===-==ceec=n-- 17 (1) 10:10 12 1.37 1.19 7 - 20
Plow zone, soybean field; Missouri
Floodplain Forest==~=ev-=cecccreccan 17 (1) 10:10 12 1.36 1.19 7 - 20
Glaciated Prairie~=-e-=rece-ceccecu. 17 (1) 10:10 16 1.15 1.19 15 - 20
Unglaciated Prairie-=--=w-=weccocae 17 (1) 8:8 11 1.28 1.19 7 15
Oak-hickory Forest=-===-=--= cmmmane 17 (1) 9:9 11 1.22 1.19 10 - 15
Plow zone, pasture field; Missouri
Floodplain Foreste=-==~<-==crreceoen= 17 (1) 10:10 12 1.23 1.19 10 - 15
Glaciated Prairie~--«-v-ececcceccnaas 17 (1) 10:10 15 1.18 1.19 10 - 20
Unglaciated Prairies-==-=ccceccccas 17 (1) 10:10 11 1.28 1.19 7 - 15
Oak-hickory Forest-==---==vecececa= 17 (1) 10:10 12 1.24 1.19 10 - 15
Surface horizomn; Missouri-~--e<~=e--= 16 (1) 1,111:1,140 11 1.49 1.22 < - 30
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana---=-<~v==ceca-- 25 (1) 48:48 12 1.31 1.13 7 - 20
A horizon; Georgia~=--<-====- mm—————a 14 (1) 10:30 15 3.57 - <1.5 - 30
15 (1) 29:30 17 2.32 -- <1.5 - 50
A horizon; Kentucky-=--=e~-cececcccaea 18 (2) 83:96 7.5 1.53 1.10 <5 - 21
19 (2) 68:108 11 1.31 1.15 <10 - 23
B horizon; Georgia-~-=~--ec-vceceacu - 14 (1) 10:30 1.9 2.31 - <1.5 - 7
15 (1) 30:30 21 1.96 - 3 - 50
B horizon; Kentucky~---ev-=ecce-ecceae 18 (2) 94:96 15 1.57 1.10 <SS - 42
B horizon; Missouri
Floodplain Foreste~<=-=wrew~ocaac~a 20 (1) 50:50 12 1.53 1.29 5 30
Glaciated Prairie~---<=evecemcucanan 20 (1) 50:50 19 1.40 1.29 7 30
Unglaciated Prairie--<e~-ecccceccanus 20 (1) 50:50 14 1.51 1.29 5 30

GALLIUM
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TABLE 21.—Gallium in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis {ppm) tion (ppm)
__ SOILS--Continued
Uncultivated~--Continued
B horizon; Missouri--Continued
Cedar Glade~=-<esverecoccccccncnansn 20 (1) 47:50 11 1.64 1.29 <5 20
Oak-hickory Forest=-==--escme-cmea~ 20 (1) 48:50 8.4 1.54 1.29 S - 20
Oak-hickory-pine Forest=-=-==c-cceca= 20 (1) 37:50 5.9 1.92 1.29 <5 20
C horizon; Georgig~=====~ LTI T ED LR 14 (1) 19:30 3.7 2.21 -- <1.5 - 15
15 (1) 30:30 29 1.85 - 5 - 70
C horizom; Kentucky=-=e=-=c-cemcccee- 18 (2) 93:96 15 1.67 1.10 <5 = 46
Cultivated and uncultivated
Surface horizon; Colorado--~======ue- 22 (1) 168:168 17 1.52 1.17 5 - 30
B horizon; Eastern United States~----~ 21 (V) 301:370 10 2.53 -- <3 - 70
B horizon; Western United Stateg~=---- 21 (1) 483:492 18 1.71 -- <3 - 70
PLANT ASH
Native species
Blackgum, stems; Georgia-~-=-==m=ec-- 15 (1) 2:30 <5 -- -- <5 =100
Blackgum, leaves; Georgia~=-~<~-«-=c-=- 15 (1) 2:30 <5 - - <5 - 200
Buckbush; Missouri
Glaciated Prairie--=----=c-cccecca- 20 (1) 11:47 2.8 1.54 - <5 7
Unglaciated Prairie-~~-v-=--cecccca- 20 (1) 9:48 2.4 1.73 -- <5 7
Oak-hickory Forest----c-=esececcea= 20 (1) 9:49 2.7 1.51 -- <5 7
Oak-hickory-pine Forest~====-- e==== 20 (1) 5:41 1.5 2.24 -- <5 - 10
Persimmon, leaves; Georgig-=--e--m==- 15 (1) 1:30 <5 -- -- <5 5
Sassafras, leaves; Georgig---===-=<-- 15 (1) 1:27 <5 - - <5 = 5
Sumac, winged, leaves; Georgia------- 15 (1) 1:30 <5 - - <5 5

TABLE 22.—Gold in rocks

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppb) tion (ppb)
Arkose
Fountain Formation; Colorado--=-=----- 2 (8) 80:80 0.26 2.14 2.11 0.06 - 1.6

GALLIUM, GOLD
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TasLE 23.—Iodine in unconsolidated geologic deposits, soils, and dry plants

[Explanation of column headings: Study No. refers to study described in text; method of amalysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean except that
values preceded by asterisk are arithmetic mean. Deviation, geometric deviation except that values
preceded by asterisk are standard deviation. Error, geometric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (--) in figure colummn
indicate no data available]

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (ppm) tion (ppm)

UNCONSOLIDATED GEOLOGIC DEPOSITS

Loess
Missouri---=-sec-ceme memmmmeeeemacaee 13 (8) 24:24 1.2 1.83 1.09 0.20 - 4.7
SOILS
Cultivated
Surface horizon; Missouri---=-=v-===- 16 (8) 114:114 *4,3 *1.65 *0.46 1.2 - 11
DRY PLANTS
Cultivated plants
Corn; Missouri
Floodplain Foreste==<---~==cwreccmcax 17 (7) 8:8 5.4 1.16 1.12 4 - 6
Glaciated Prairie~--=-~-- mmmceemeen= 17 (7) 10:10 5.7 1.17 1.12 5 -7
Unglaciated Prairie=-~e<eececcceea= 17 (7) 10:10 5.3 1,22 1.12 4 - 7
Oak-hickory Forest-~==ew=-ccveeeaa= 17 (7) 10:10 4.6 1.24 1.12 3 - 6
Soybean; Missouri
Floodplain Forest--==--ew-w=-cewcw-e 17 (7) 10:10 13 1.14 1.12 10 - 16
Glaciated Prairie=-----c=-=--- wem=s 17 (7) 10:10 13 1.14 1.12 10 - 16
Unglaciated Prairie=-=-==-=---- ae= 17 (7) 8:8 12 1.15 1.12 10 -14
Oak-hickory Forest-==-<cecceoccaccaa 17 (7) 9:9 13 1.15 1.12 10 - 16
Native species
Buckbush; Missouri
Glaciated Prairie~~-~=----- S 20 (7) 11:11 4.7 1.11 -- 4 -5
Unglaciated Pratirie---~eewcececaca" 20 (7) 7:7 5.4 1.10 -- 5 - 6
Cedar Glade-~==ccrmececacnonnaa -==== 20 (7) 8:8 4.7 1.16 - 4 - 6
Oak-hickory Forest=-=---==- cmmemeeee 20 (7) 16:16 5.1 1.13 -- 4 - 6
Oak-hickory-pine Forest-=-==-ceo=-a- 20 (7) 10:10 4.6 1.16 - 4 - 5
Cedar; Missouri
Cedar Glade----===-ccececccucacanan 20 (7) 11:11 5.0 1.18 - 4 6
Glaciated Prairie~--c-wccecccrmccecaw 24 (7) 9:9 5.4 1.29 - 4 - 10
Unglaciated Prairie-====scc-scceeca= 24 (7) 10:10 4.4 1.12 -- 4 - 5
Cedar Glade====~csc~mwcecanax meemmen 24 (7) 10:10 4.5 1.12 -- 4 -5
Oak-hickory Foregte---wcewascccanas 24 (7) 10:10 4.4 1.12 -- 4 - 5
Oak-hickory-pine Forest--=-=-=---== 24 (7) 6:6 4.3 1.23 - 3 - 5
Hickory, pignut; Kentuckye=-~==-e==-= 18 (7) 64:64 3.2 1.29 1.31 2 -5
Hickory, shagbark; Kentucky----- === 18 (7) 40:40 3.2 1.28 1.31 2 - 5
Hickory, shagbark; Oak-hickory
Forest, Missouri-«---=eece-ecce-ve-a 20 (7) 4:4 4.2 1.12 - 4 - 5

IODINE
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TasLE 23.—Iodine in unconsolidated geologic deposits, soils, and dry plants—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (ppm) tion (ppm)

DRY PLANTS--Continued

Native species--Continued

Oak, black; Kentucky=~===ecee-- ~==-== 18 (7) 25:25 2.8 1.39 1.29 2 5
Oak, post; Cedar Glade, Missouri----- 20 (7) 8:8 4.2 1.19 -- 3 5
Oak, red; Kentucky--=-e=-e=cecwecue-ca= 18 (7) 28:28 3.1 1.26 1.29 2 -5
Oak, white; Kentucky---w-cecocccacme=x 18 (7) 49:49 3.3 1.33 1.29 2 - 5
Oak, white; Missouri

Oak-hickory Foreste==-=eccececcac-ae- 20 (7) 12:12 4.6 1.22 -- 3 - 6

Oak-hickory-pine Forest~ec<=wee== -=- 20 (7) 11:11 4.6 1.12 - 4 -5
Oak, willow; Floodplain Forest,

Missouri====--- mmeccercen—n- e mm- 20 (7) 12:12 4.6 1.15 .- 4 - 6
Pine, shortleaf; Oak-hickory-pine -

Forest, Missouri-~-eecceccccccaccaswa 20 (7) 434 4.9 1.18 .- 4 - 6
Sumac, smooth; Missouri

Floodplain Foregt~--==-cccccccwce- - 20 (7) 9:9 4.8 1.10 -- 4 - 5

Glaciated Prairie----- ceewne mmmee== 20 (7) 9:9 4.6 1.16 - 4 - 6

Unglaciated Prairie---=-ececccwewcas- 20 (7) 11:11 4.6 1.18 - 3 - 5

Cedar Glade-=v==rvw-vroccecacnccana=s 20 (7) 11:11 4.3 1.18 - 3 - 5

Oak-hickory Foregt=~---v-cececceecas 20 (7) 9:9 4.6 1.12 - 4 - 5

Oak-hickory-pine Foreste=---«=o-=a= 20 (7) 8:8 4.0 1.24 -- 3 - 5
Sweetgum; Floodplain Forest, Missouri 20 (7) 14:14 4.1 1.20 -~ 3 - 6

TAaBLE 24.—Iron in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean except that
values preceded by asterisk are arithmetic mean. Deviation, geometric deviation except that values
preceded by asterisk are standard deviation. Error, geometric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (--) in figure colummn
indicate no data available]

Study
No. and Observed
Sample, and collection locality method of Ratilo Mean Devia- Error range
analysis (pexcent) tiom (pexcent)
ROCKS
Granite
Precambrian; Missouri---=--e==cce--ae 1 (5) 30:30 1.7 1.60 1.03 0.84 - 3.5
Rhyolite
Precambrian; Misgouri-------- ceewe=ae 1 (5) 30:30 1.9 1.27 1.03 1.2 - 3.1

IODINE, IRON
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TABLE 24.—Iron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis (percent) tion (percent)
ROCKS--Cont inued
Arkose
Fountain Formation; Colorado=-=~------ 2 (2) 80:80 0.63 2.50 1.12 0.03 - 4.3
Sandstone
Roubidoux Formation; Missouri-------- 4 (5) 7:12 .090 3.26 1.15 <.070 - .42
Pope Megagroup;' Kentucky---=--=-==-= 5 (2) 120:120 .96  2.43 1.09 .090 - 5.5
Pennsylvanian; Kentucky==-=---- N ¢)) 152:152 1.0 3.20 1.14 .080 - 9.9
Pennsylvanian; Missouri, Kansas, and
Oklahomg===-=~~~ R et T 6 (5) 32:32 1.9 2.06 1.15 .56 - 7.7
Chert
Mississippian; Missouri, Oklahoma,
and Arkansag---=---=-c-ceu-- - 7 (5) 10:20 .081 1.96 1.15 <.070 - .21
Shale
Lower Mississippian; Kentucky~=«----- 8 (2) 76:76 3.5 1.95 -- .75 - 8.6
Upper Mississippian; Kentucky-=--==-- 5 (2) 142:142 4,2 1.72 - .80 - 10
Mississippian; Missouri, Oklahoma,
and Arkansagse-=recrecccnccovecccaces 7 (5) 18:18 1.8 1.58 1.03 .77 - 3.4
Pennsylvanian; Kentuckye-=~=--- cemaaa 5 (2) 152:152 4.5 1.93 1.28 45 - 10
Pennsylvanian; Missouri, Kansas, and
Oklahomas--=ec-cencemcccnanceacceas 6 (5) 32:32 3.8 1.50 1.03 .91 - 8.4
Black shale
Devonian and Mississippian; Kentucky- 9 (2) 88:88 3.3 1.74 1.36 .83 - 10
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 387:392 .63 2.77 1.81 <.05 5.6
Sauk sequence; Missouri and Arkamsas- 4 (5) 46:48 .17 2.44 1.04 <.070 .27
Upper Ordovician; Kentucky-=--c=-ce=- 5 (1) 78:80 .90 1.95 .- .2 =210
Tippecanoe sequence; Missouri-------- 10 (5) 10:12 .11 2.79 1.04 <.070 - .56
Lower Mississippian; Kentucky=---=-- - 5 (D 112:112 .54 2.38 - .05 - 3
Upper Mississippian; Kentucky----~=-- 5 (1) 152:152 .37 2.56 -- 05 - 3
Mississippian; Missouri, Oklahoma,
and Arkansas-------==-==-=a- cmmmeee 7 (5) 30:40 15 3.71 1.06 <.070 - 1.4
Pennsylvanian; Kentucky-==--- ceecmen- 5 (1) 80:80 2.1 1.84 -- 5 = 10
Pennsylvanian; Missouri, Kansas, and
Oklahoma~===v=== R e 6 (5) 32:32 .96 2.49 1.04 .21 - 3.7
Siderite
Upper Paleozoic; Kentucky-===-~- =e-== 11 (16) 30:30 *26 *9,36 -- 8.0 - 139
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri-«---- 12 (5) 24:24 4.3 1.30 1.02 2.5 - 7.0
On Roubidoux Formation; Missouri----- 12 (5) 24:24 3.5 1.60 1.02 1.1 - 5.9
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkamnsas-- 12 (5) 24:24 3.9 1.25 1.02 2.1 - 5.7

T 0f Swann and Willman (1961).

IRON
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TaBLE 24.—Iron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study

No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range

analysis (percent) tion (percent)

UNCONSOLIDATED GEOLOGIC DEPOSITS--Continued

Carbonate residuum (terra rossa)--Continued

On Osagean rocks; Missouri---=«-cec--- 12 (5) 24:24 5.3 1.30 1.02 3.3 - 8.0
On Meramecian rocks; Missouri------- - 12 (5) 24:24 5.7 1.34 1.02 2.7 - 11
Loess
Missouri=--=ec-eecneccnccoccnmnmacena 13 (5) 24:24 2.4 1.11 - 2.1 - 3.1
SOILS
Cultivated
Plow zone, garden; Georgia--=-«===~=- 15 (1) 30:30 2.0 1.54 -- 1 - 5
Plow zome, corn field; Missouri
Floodplain Forest--=-«-=e=ececcaca- 17 (5) 8:8 1.4 1.80 1.03 -4 3.1
Glaciated Prairie~====e--vccccccons 17 (5) 10:10 2.4 1.28 1.03 1.6 3.3
Unglaciated Prairie-<-~-c---=- re———- 17 (5) 10:10 2.3 1.32 1.03 1.6 - 3.8
Oak-hickory Foreste-----~=-eccnce=- 17 (5) 10:10 2.1 1.14 1.03 1.7 - 2.6
Plow zone, soybean field; Missouri
Floodplain Forest-~---e-==-re=cce-a 17 (5) 10:10 1.4 1.96 1.03 3 - 4.6
Glaciated Prairie-----===-cec-ece-u- 17 (5) 10:10 2.8 1.13 1.03 2.2 - 3.1
Unglaciated Prairie~-===-=cce-cocas 17 (5) 8:8 2.5 1.42 1.03 1.7 - 5.1
Oak-hickory Forest-----mveeccecccne 17 (5) 9:9 1.9 1.12 1.03 1.6 - 2.3
Plow zone, pasture field; Missouri
Floodplain Foregt-----==-e-ec-ccec-a 17 (5) 10:10 1.6 1.96 1.03 .4 4.6
Glaciated Prairie--~w=--c-ccccecccas 17 (5) 10:10 2.3 1.20 1.03 2.0 3.4
Unglaciated Prairie--e--ec-ce-ccccwa 17 (5) 10:10 2.0 1.28 1.03 1.3 - 2.8
Oak-hickory Forest----=-e-ercecca-- 17 (5) 10:10 2.2 1.23 1.03 1.5 - 2.9
Surface horizon; Missouri----~ceec-e-a 16 (5) 1,140:1,140 +*2.1 *.64 *.12 49 - 5.4
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montang-~<-=-w=cc-e-cca- 25 (1) 48:48 1.9 1.58 1.26 .7 - 10
A horizon; Georgia~~--=-esccccccncaca- 14 (1) 30:30 47 2.27 - .1 3
15 (1) 30:30 2.1 1.68 - S5 - 5
A horizon; Kentucky-~ee--e-ccvcccvcao 18 (16) 96:96 2.1 1.62 1.06 47 - 6
19 (16) 108:108 2.1 1.54 1.27 .77 - 13
B horizon; Georgia---~=----cvccceccc--a 14 (1) 30:30 .48 2.04 - 15 - 2
15 (1) 30:30 2.6 1.74 -- .7 - 7
B horizon; Kentucky-=-=ccecevevccncac. 18 (16) 96:96 4.2 1.55 1.06 .62 - 9.7
B horizon; Missouri
Floodplain Foregst~=-e=~-cecccacancax 20 (5) 50:50 2.1 1.69 1.10 7 -~ 9.4
Glaciated Prairie----~==eeccccucau. 20 (5) 50:50 3.5 1.26 1.10 1.8 5.1
Unglaciated Prajirie~=---~-cccccacana 20 (5) 50:50 3.5 1.53 1.10 1.4 - 12.3
Cedar Glade~~===c-e-ecccccnnccccnann 20 (5) 50: 50 1.9 1.43 1.10 .8 - 3.8
Oak-hickory Forest----==-evcecccen-o 20 (5) 50:50 1.9 1.43 1.10 .8 - 5.3
Oak-hickory-pine Forest---s-=vcecca- 20 (5) 50:50 1.5 1.51 1.10 7 - 3.9

IRON
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TaBLE 24.—Iron in tocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis (percent) tiom (percent)
SOILS--Cont inued
Uncultivated --Cont inued
C horizon; Georgiae==~<-=cccceccevuana 15 (1) 30:30 3.0 1.59 - 1 - 5
C horizon; Kentucky---=-=s-cevccccccna 18 (16) 96:96 4.3 1.63 1.06 .60 - 11
Cultivated and uncultivated
Surface horizom; Colorado-==-=<=====- 22 (5) 168:168 2.0 1.61 1.04 .6 - 5
B horizon; Eastern United Stateg----- 21 (1) 369:370 1.5 2.76 -- .01 - >10
B horizon; Western United Stateg----- 21 (1) = 490:491 2.0 1.90 -- 15 - >10
PLANT ASH
Cultivated plants
Asparagus; Wisconsin----=cccecce-can. 23 (1) 5:5 0.27 1.60 -- 0.15 - 0.5
Bean, lim; Geotgi. -------------- 14 (1) 30:30 .11 1.27 - .07 - .15
15 (1) 15:15 .16 2.15 - 07 - 1
Bean, snap; Georgia~~====ccecceccoaca- 14 (1) 30:30 .099 1.36 - .07 - .2
15 (1) 30:30 .14 1.96 - .03 - .7
Beet, red; Wisconsin--~<=e<e-- L ] 23 (1) 424 .063 1.21 -- .05 - .07
Blackeyed pea; Georgia-=------ S 14 (1) 29:29 .11 1.43 -~ .03 - .15
15 (1) 424 .11 1.55 -- 07 - .2
Cabbage; Georgia---=~--c-=ceccemcenae 14 (1) 28:28 071  1.46 -- .03 - .3
15 (1) 30:30 .19 2.13 - .03 - .7
Cabbage; Wiscongin---<-ceccccccnccaa. 23 (1) 11:11 .076 2.16 - .03 - 3
Carrot; Wisconsin--==ec-ceccccccacecaa 23 (1) 8:8 060 2.15 -- .02 - .2
Corn; Georgig-~=-=-recceccccacecccca- 14 (1) 29:29 .086 1.57 -- .05 - .5
15 (1) 30:30 .099 1.65 -- .03 - .3
Corn; Missouri
Floodplain Forest--~-----ecoccace-a 17 (1) 8:8 .17 1.67 1.23 d - .5
Glaciated Prairie~=====e=ce-cecaa--- 17 (1) 10:10 .13 1.28 1.23 .1 - .2
Unglaciated Prairie-----=--eccececa- 17 (1) 10:10 .16 1.13 1.23 .15 - .2
Oak-hickory Forest-===ec=e-cecccceca 17 (1) 10:10 .13 1.30 1.23 .1 - .2
Corn; Wisconsin---=«-===-- SR LILL LTS 23 (1) 27:27 .13 1.45 -- 05 - .3
Cucumber; Wisconsin==-~-ececccarcmca" 23 (1) 4:4 077 1.20 -- .07 - .1
Onion; Wisconsin~--=--=rcecccncceccca. 23 (1) 7:7 .09 1.83 e .03 - .2
Pepper, sweet; Wisconsin--~-==c=c=--- 23 (1) 434 .16 1.15 -- .15 - .2
Potato; Wisconsin~--rwecsrrccccaccna" 23 (1) 10:10 063 1.56 -- .03 - .15
Soybean; Missouri
Floodplain Forest---=«=cec-cecece-a" 17 (1) 10:10 .10 1.14 1.23 1 - .15
Glaciated Prairie----==w==cccceecn- 17 (1) 10:10 .12 1.24 1.23 10 - .15
Unglaciated Prairie-~--=-=--ccecaa- 17 (1) 8:8 .13 1.23 1.23 10 - .15
Oak-hickory Foregte---=-eececcccau-- 17 (1) 9:9 .13 1.28 1.23 1 - .2
Tomato; Georgig---~=-e-cecccaccacanna 14 (1) 30:30 .078 2.21 - .02 - 1.5
15 (1) 30:30 .053 1.56 .- 02 - .2
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TABLE 24.—Iron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

F77

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (percent) tion (percent)
PLANT ASH--Continued
Native species
Black cherry, stems; Georgia=---==-=-=-= 14 (1) 30:30 0.15 1.81 -- 0.07 - 0.7
15 (1) 30:30 .19 2.52 - .01 - 1.5
Black cherry, leaves; Georgia--=----- 14 (1) 30:30 .14 1.75 -- .07 - 1.5
15 (1) 30:30 .21 1.63 - d - .7
Blackgum, stems; Georgia--=---=cen--- 14 (1) 30:30 14 1.69 -- .07 - 5
15 (1) 30:30 .19 2.33 -- 015 - 1.0
Blackgum, leaves; Georgia~--==~c~-=-= 14 (1) 30:30 .18 1.84 - .07 -~ 1.5
15 (1) 30:30 .26 2.47 -- .03 - 2.0
Buckbush; Missouri
Glaciated Prairje--=--e-cmcccoucan~ 20 (1) 47:47 .76 1.74 1.45 05 - 2
Unglaciated Prairie-=-==cccceccac-o 20 (1) 48248 .93 1.64 1.45 .3 - 5
Cedar Glade-~---e=-vcemccccrcrcnceun 20 (1) 50:50 .56 1.44 1.45 3 -1
Oak-hickory Foregst=-=--=cew=-ccaces 20 (1) 49:49 .69 1.58 1.45 3 - 2
Oak-hickory-pine Forest=~-=e-wece=v-o 20 (1) 41:41 .56 1.96 1.45 .05 - 1.5
Cedar; Missouri
Cedar Glade=-~~w-~ereccaccccanacaa- 20 (1) 50:50 .28 1.66 1.45 1 - 1
Glaciated Prairie~--~-wvecoccnccona 24 (1) 9:9 .72 1.58 -~ .03 1.5
Unglaciated Prairie----e<-ecvcceec--" 24 (1) 10:10 .59 1.77 -- .3 1.5
Cedar Glade=====-===cecccuccacace-= 24 (1) 10:10 .28 1.43 -- .2 - .5
Oak-hickory Foregt-==--eccccenccaan 24 (1) 10:10 .35 1.71 - 2 - .7
Oak-hickory-pine Forest-==~cecceca- 24 (1) 6:6 .24 1.60 -- .15 - .5
Hickory, pignut; Kentucky-«-=e=cescece- 18 (3) 60:60 .12 1.46 1.23 .06 .39
19 (3) 88:88 .12 1.44 1.07 .05 .31
Hickory, shagbark; Kentucky-~-=ew-=-- 18 (3) 40:40 .12 1.54 1.23 .06 - .27
19 (3) 20:20 .15 1.44 1.07 .09 - .34
Hickory, shagbark; Missouri
Oak-hickory Foregt=-~==eccvecccacacn 20 (1) 19:19 .13 1.67 1.45 .05 .3
Oak-hickory-pine Forest------w-ce=- 20 (1) 7:7 .16 1.57 1.45 .1 .3
Maple, red, stems; Georgig-~--=-v---- 14 (1) 30:30 .09 1.47 - .05 - .3
15 (1) 30:30 .14 1.59 -- .07 - .3
Maple, red, leaves; Georgla----=----- 14 (1) 30:30 .17 1.96 -- .1 - 1.5
15 (1) 30:30 .28 1.89 -- 1 - 1.0
Oak, black; Kentucky-~e-ee=c-vececwean 18 (3) 25:25 .13 1.66 1.24 .06 - .38
19 (3) 22:22 .10 1.32 1.07 .06 ~ .16
Oak, post; Cedar Glade, Missouri~---- 20 (1) 50:50 .19 1.57 1.45 .07 - ]
Oak, red; Kentucky---=--e-cecccuu- -==- 18 (3) 27:27 .12 1.50 1.24 .08 - .52
19 (3) 9:9 .09 1.33 1.07 .06 - .13
oak. White; Ke‘ntUCky -------------- 18 (3) 47:47 .14 1.47 1.24 .06 - 35
19 (3) 76:76 .12 1.41 1.07 .06 -~ .34
Oak, white; Missouri
Oak-hickory Foregst--===e=eeccnuccncca 20 (1) 50:50 .14 1.88 1.45 .01 - .3
Oak-hickory-pine Foreste-==-~ece==- 20 (1) 49:49 .16 1.43 1.45 .07 - .5
Oak, willow; Floodplain Forest,
Missourie-e=cecceecccracncccnncena. 20 (1) 46:46 .25 1.59 1.45 S .7
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TaBLE 24.—Iron in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

Sample, and collection locality

Native species--Continued
Persimmon, stems; Georgia-=-=-~-«==c==

Persimmon, leaves; Georgia-=--=~====-
Pine, shortleaf; Oak-hickory-pine
Forest, Missouri-~==-e--c-ceccac~a-

Sassafras, stems; Georgia<-<---=--<---

Sassafras, leaves; Georgia~-=~w--==e-

Sumac, winged, stems; Georgia-=------
Sumac, winged, leaves; Georgia~~--=--

Sumac, smooth; Missouri
Floodplain Forest----==m==-ccemaceca
Glaciated Prairie-==-we-accacca--n -
Unglaciated Prairie-~~-~--- cmemnam—
Cedar Glade~=~==vmce--ervrececacccax
Oak-hickory Foregt=-~w=--e-werceca-w
Oak-hickory-pine Forest=-=-=-w---=-

Sweetgum, stems; Georgia-~--<-=-ccc-ae
Sweetgum, leaves; Georgia--~-s-cccaes

Sweéetgum; Floodplain Forest, Missouri

Study
No. and Observed
method of Ratio Mean Devia- Error range
anglysis _  (percemt) tion (percent)
PLANT ASH-Continued
14 Q1) 30:30 0.10 1.46 - 0.07 - 3
15 (1) 30:30 .15 2.34 -- 015 - 2
14 (1) 30:30 .13 1.56 - 07 - .3
15 (1) 30:30 .19 2.18 -~ .03 - 1
20 (1) 49:49 .52 1.59 1.45 .2 - 1.5
14 (1) 17:17 .19 2.27 -- .05 - 1.5
15 (1) 27:27 .25 3.21 - .03 - 2
14 (1) 17:17 .22 2.35 - 1 - 1.5
15 (1) 27:27 .35 2.24 -- 1 - 1.5
14 (1) 30:30 .12 1.66 -- .07 - .7
15 (1) 30:30 .16 1.92 -- 07 - 1
14 (1) 30:30 .15 1.91 -- .07 - 1.5
15 (1) 30:30 .29 2.25 -- .07 - 1.5
20 (1) 48:48 .11 1.98 1.45 .005 =~ .5
20 (1) 50:50 .13 1.52 1.45 .05 - .5
20 (1) 49:49 .13 1.74 1.45 .05 - .5
20 (1) 49:49 .10 1.68 1.45 .05 - .5
20 (1) 50:50 .11 1.89 1.45 .005 - .3
20 (1) 49:49 .12 1.66 1.45 .05 - .5
14 (1) 28:28 .081 1.48 -- .03 - .2
15 (1) 27:27 .11 2.00 - .03 - .7
14 (1) 28:28 .15 2.06 -- .07 - 2
15 (1) 27:27 .19 1.89 - .07 -~ 1.5
20 (1) 47:47 .13 1.68 1.45 .02 - .3

TABLE 25.—Lanthanum in rocks, unconsolidated geologic deposits, soils, and plant ash

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in

parentheses) refers to method listed in table 1.

found in measurable concentrations to number of samples analyzed.
geometric deviation. Error, geometric error attributed to laboratory procedures.
figure column indicate no data available]

Ratio, number of samples in which the element was
Mean, geometric meam. Deviation,

Leaders (--) in

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)_
ROCKS
Granite
Precambrian; Missouri-e~---cccceeccee 1 () 29:30 54 1.49 1.18 <30 - 100

IRON, LANTHANUM
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TaBLE 25.—Lanthanum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

F79

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
ROCKS--Cont {nued
Rhyolite
Precambrian; Misgsouri------cececcccua-- 1 (1) 29:30 59 1.55 1.18 <30 - 150
Arkose
Fountain Formation; Colorado-<~====--- 2 (2) 67:80 21 1.92 1.46 <10 - 100
Sandstone
Sauk sequence; Western United States- 3 (2) 127:400 6 3.16 1.24 <10 - 140
Pope Mezgagr:v.:mp;1 Kentucky===~me=vwea=- 5 (2) 1:120 <50 - - <50 - 54
Pennsylvanian; Kentucky-=~e==--cc-=-- 5 (2) 9:152 <50 - - <50 - 60
Pennsylvanian; Missouri, Kansas, and
Oklahoma=--~~-- R e L Lt 6 (1) 26332 36 1.88 1.14 <30 - 100
Chert
Mississippian; Missouri, Oklahoma,
and Arkangag<-<-~=ccvccemcccceccnna- 7 (1) 1:20 <30 -- -- <30 - 30
Shale
Sauk sequence; Western United States- 3 (2) 153:336 67 1.33 1.14 <10 - 150
Lower Mississippian; Kentucky----~---- 8 (2) 4:76 <70 -- -- <70 - 90
Upper Mississippian; Kentucky-==---=-- 5 (2) 21:142 29 1.85 - <70 - 110
Mississippian; Missouri, Oklahoma,
and Arkansag--=--=-e--ceccecaccaca- 7 (L) 14:18 30 -- - <30 - 150
Pennsylvanian; Kentucky-=-=s-ccccwa-x 5 (2) 40:152 41 1.67 -- <70 - 140
Pennsylvanian; Missouri, Kansas, and
Oklahoma~=====m=cceccercecceccaana"a 6 (1) 32:32 49 1.37 1.19 30 - 70
Black shale
Devonian and Mississippian; Kentucky- 9 (2) 3:88 <70 .- - <70 - 98
Limestone and dolomite
Sauk sequence; Western United States- 3 (2) 12:392 <60 - -- <60 - 66
Lower Mississippian; Kentucky---===<- 5 (1) 5:112 <70 -- - <70 - 300
Mississippian; Missouri, Oklahoma,
and Arkansag-=-~--==ceecccracccncen 7 (1) 11:40 <30 -- -- <30 - 30
Pennsylvanian; Kentucky--=--~c-wcce-- 5 (1) 6:80 <70 -- -- <70 - 150
Pennsylvanian; Missouri, Kansas, and
Oklahomae==s-=cecececccccnncmccmncna 6 (1) 5:32 24 1.20 - <30 - 70
Siderite
Upper Paleozoic; Kentucky-==ec-====-=-e 11 (1) 3:30 <70 -- - <70 - 70
UNCONSOLIDATED GEOLOGIC DEPOSITS
Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri----- 12 (1) 3:24 <30 - - <30 - 100
On Roubidoux Formation; Missouri----- 12 (1) 2:24 <30 - - <30 - 50
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas-- 12 (1) 2:24 <30 -- - <30 - 70
! Of Swann and Willman (1961). LANTHANUM
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TABLE 25.—Lanthanum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued

STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
_analysis (ppm) tion (ppm)
UNCONSOLIDATED GEQLOGIC DEPOSITS--Continued
Carbonate residuum (terra rossa)--Continued
On Osagean rocks; Missouri=~-~==c--ca- 12 (1) 17:24 63 2.45 - <30 - 1,000
On Meramecian rocks; Missouri---<=--- 12 (1) 18:24 50 -- -- <30 - 500
Loess
Missouri-e-=w-ececcccccccncaas R 13 (1) 24:24 42 1.33 -- 30 - 70
SOILS
Cultivated
Plow zone, garden; Georgia-=-<w--=--s 14 (1) 11:30 18 2.86 - <30 - 150
15 (1) 18:30 33 2.14 - <30 - 200
Plow zone, corn field; Missouri
Glaciated Prairie«~e-ccwcecvececcccn 17 (1) 9:10 49 1.09 1.18 <50 - 50
Unglaciated Prairie---<-w=ccc=ccee. 17 (1) 7:10 45 1.18 1.18 <50 - 50
Oak-hickory Foregt=~re=veec-vececcnn 17 ) 7:10 45 1.18 1.18 <50 - 50
Plow zone, soybean field; Missouri
Floodplain Forest-==~-===crveccnaa=e 17 (1) 3:10 33 1.39 1.18 <50 - 50
Glaciated Prairie------=veccccccan" 17 (1) 5:10 40 1.28 1.18 <50 - 50
Oak-hickory Forest-~=--=-wewcccnc-a 17 (1) 6:9 44 1.20 1.18 <50 - 50
Plow zone, pasture field; Missouri
Floodplain Foregte====-=-c=cccaceax 17 (1) 2:10 28 1.48 1.18 <50 - 50
Glaciated Prairie~«---«ecccca-cace- 17 (1) 6:10 43 1.23 1.18 <50 - 50
Unglaciated Prairie----==-cceccencn- 17 (1) 8:10 47 1.14 1.18 <50 - 50
Oak-hickory Forest=-===--cecccmcec-- 17 (1) 5:10 40 1.42 1.18 <50 - 70
Surface horizon; Missouri---e==cecc-w- 16 (1) 1,136:1,140 41 1.39 1.26 <30 - 150
Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana---=-===cce~c-a- 25 (1) 38:48 30 -- -- <30 - 70
A horizon; Georgig---~-=cec-ce-ccccna 14 (1) 16:30 26 2.40 .- <30 - 200
15 (1) 20:30 34 1.73 -- <30 - 100
A horizon; Kentucky---=~--cc-ccceccc-- 18 (2) 85:96 39 1.26 -- <30 - 81
19 (2) 35:108 43 1.51 1.05 <50 - 75
B horizon; Georgia~~-~==-ce-vccecncana 14 (1) 14:30 26 2.40 - <30 - 100
15 (1) 22:30 34 1.73 -- <30 - 200
B horizon; Kentucky---=-w-cceccacccan 18 (2) 84:96 39 1.29 -- <30 - 84
B horizon; Missouri
Floodplain Forest-===-==ceccaccccn= 20 (1) 45:50 32 1.23 1.22 <30 - 50
Glaciated Prairie~-~-c--vecccccacan 20 (1) 50:50 39 1.35 1.22 30 - 50
Unglaciated Prairfe«~-«--ec-c-caa-a 20 (1) 50:50 45 1.37 1.22 30 - 70
Cedar Glade--=-===-occcccncccnuacan 20 (1) 45:50 33 1.36 1.22 <30 - 70
Oak-hickory Foregt---===-cvececcacen 20 (1) 46:50 35 1.37 1.22 <30 - 70
Oak-hickory-pine Forest=--=-=c-cc=== 20 (1) 40:50 30 1.31 1.22 <30 - 70
C horizon; Georgia-=~-<-<-cecenccaca-a 14 (1) 17:30 30 2.03 -- <30 - 100
15 (1) 20:30 32 1.64 - <30 - 100

LANTHANUM
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TaBLE 25.—Lanthanum in rocks, unconsolidated geologic deposits, soils, and plant ash—Continued
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Study
No. and Observed
Sample, and collection locality method of Ratio Mean Devia- Error range
analysis (ppm) tion (ppm)
SOILS--Continued
Uncultivated --Continued
C horizon; Kentucky=-====-ccccommaaas 18 (2) 81:96 41 1.35 - <30 - 80
Cultivated and uncultivated
Surface horizon; Colorado----<w=e=~-=- 22 (1) 86:168 40 1.59 1.41 <50 - 200
B horizon; Eastern United States=--~-- 21 (1) 226:370 33 1.90 - <30 - 200
B horizon; Western United Stateg----- 21 (1) 345:492 35 1.81 -- <30 - 200
PLANT ASH
Native species
Black cherry, stems; Georgia-=---=«-= 15 (1) 10:30 14 5.14 - <30 - 300
Black cherry, leaves; Georgia-==~«--- 14 (1) 4:30 <30 .- -- <30 - 200
15 (1) 11:30 17 4.73 - <30 - 200
Buckbush; Missouri
Oak-hickory Forest--=-=---ccacecc-- 20 (1) 5:49 34 1.48 -- <70 - 70
Oak-hickory-pin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>